





THE PICTURE OF THE TAOIST GENII PRINTED ON THE COVER 
of this book is part of a painted temple scroll, recent but traditional, given to 
Mr Brian Harland in Szechuan province (1946). Concerning these four divinities, 
of respectable rank in the 'T'aoist bureaucracy, the following particulars have been 
handed down. The title of the first of the four signifies ‘Heavenly Prince’, that 
of the other three ‘Mysterious Commander’. 


At the top, on the left, is Liu Thien Chün, Comptroller-General of Crops and 
Weather. Before his deification (so it was said) he was a rain-making magician 
and weather forecaster named Liu Chün, born in the Chin dynasty about + 340. 
Among his attributes may be seen the sun and moon, and a measuring-rod or 
carpenter's square. The two great luminaries imply the making of the calendar, so 
important for a primarily agricultural society, the efforts, ever renewed, to reconcile 
celestial periodicities. T'he carpenter's square is no ordinary tool, but the gnomon 
for measuring the lengths of the sun's solstitial shadows. The Comptroller-General 
also carries a bell because in ancient and medieval times there was thought to be 
a close connection between calendrical calculations and the arithmetical acoustics 
of bells and pitch-pipes. 


At the top, on the right, is Wén Yuan Shuai, Intendant of the Spiritual Officials 

of the Sacred Mountain, Thai Shan. He was taken to be an incarnation of one of 

the Hour-Presidents (Chia Shen), i.e. tutelary deities of the twelve cyclical characters 

(see p. 297). During his earthly pilgrimage his name was Huan 'Tzu-Yü and he was 

a scholar and astronomer in the Later Han (b. +142). He is seen holding an 
. armillary ring. 


Below, on the left, is Kou Yuan Shuai, Assistant Secretary of State in the Ministry 
of Thunder. He is therefore a late emanation of a very ancient god, Lei Kung. 
Before he became deified he was Hsin Hsing, a poor woodcutter, but no doubt an 
incarnation of the spirit of the constellation Kou-Chhen (the Angular Arranger), 
part of the group of stars which we know as Ursa Minor. He is equipped with 
hammer and chisel. 


Below, on the right, is Pi Yuan Shuai, Commander of the Lightning, with his 
flashing sword, a deity with distinct alchemical and cosmologicalinterests. According 
to tradition, in his early life he was a countryman whose name was Thien Hua. 
Together with the colleague on his right, he controlled the Spirits of the Five 
Directions. 


Such is the legendary folklore of common men canonised by popular acclamation. 
An interesting scroll, of no great artistic merit, destined to decorate a temple wall, 
to be looked upon by humble people, it symbolises something which this book has 
to say. Chinese art and literature have been so profuse, Chinese mythological 
imagery so fertile, that the West has often missed other aspects, perhaps more 
important, of Chinese civilisation. Here the graduated scale of Liu Chün, at first 
sight unexpected in this setting, reminds us of the ever-present theme of quanti- 
tative measurement in Chinese culture; there were rain-gauges already in the Sung 
(+12th century) and sliding calipers in the Han (+ 1st). The armillary ring of 
Huan Tzu-Yü bears witness that Naburiannu and Hipparchus, al-Naqgásh and 
Tycho, had worthy counterparts in China. The tools of Hsin Hsing symbolise that 
great empirical tradition which informed the work of Chinese artisans and technicians 
all through the ages. 








SCIENCE AND CIVILISATION | 
IN CHINA 


The Chymists are a strange Class of Mortals, impelled by an incompre- 
hensible Impulse to take their Pleasure amid Smoke and Vapour, Fume and 
Flame, Poisons and Poverty—yet among all these Evils, I seem to live so 
sweetly that may I die if I would change places with the Persian King! 
Johann Beccher 
Physica Subterranea, 1703 


Quasi nimirum in Fatis esset, Sal hoc admirabile non minus in philosophia 
quam bello strepitus aderet, omniaque sonitu suo implere. (As if ordained 
by Fate, Nitre, that admirable salt, hath made as much noise in Philosophy 
as in War, all the world being filled with its thunder). 

John Mayow 

Tractatus Quinque Medico-Physici, 1674 


For it is now certainly known that the great Kings of the uttermost East, 
have had the use of the canon many hundreds of years since, and even since 
their first civilitie and greatnesse, which was long before Alexander's time. 
But Alexander pierc'd not so far into the East. 

Sir Walter Raleigh 

History of the World, 1614 


Dr John Bell of Antermony asked the Khang-Hsi Emperor's Tartar General 
of Artillery: ‘How long the Chinese had known the use of gunpowder? He 
replied, above 2000 years, in fire-works, according to their records; but that 
it's application to the purposes of war, was only a late introduction. As the 
veracity and candour of this gentleman were well known, there was no room 
to question the truth of what he advanced on the subject.’ 

John Bell's 1 Jan. 1721 

Travels from St. Petersburg in Russia to 

Diverse Parts of Asia, 1763 


And though it be very true that man is but the Minister of Nature, and can 
but duely apply Agents to Patients (the rest of the Work being done by the 
applyed Bodies themselves), yet by his skill in making these Applications, 
he is able to perform such things as do not only give him a Power to master 
Creatures otherwise much stronger than himselfe; but may enable one man 
to do such wonders, as another man shall think he cannot sufficiently 
admire. As the poor Indians lookt upon the Spaniards as more than Men, 
because the Knowledg they had of the Properties of Nitre, Suplphur and 
Charcoal duely mixt, enabled them to Thunder and Lighten so fatally, 
when they pleas’d. 

Robert Boyle 

Some Considerations touching the Useful- 

nesse of Experimental Philosophy, propos 'd 

in a Familiar Discourse to a Friend, by way 

of Invitation to the Study of it, 1663 
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(lit. Magical) Weapons, i.e. Muskets), Ming, +1598. 

Thao Tsung-I (ed.), Shuo Fu (Florilegium of (Unofficial) 
Literature), Yuan, c. +1368. 

Ssu Khu Chhiian Shu (Complete Library of the Four Categor- 
ies), Chhing, +1782; here the reference is to the tshung-shu 
collection printed as a selection from one of the seven im- 
perially commissioned MSS. 

Chi Yiin (ed.), Ssu Khu Chhüan Shu Tsung Mu Thi Yao (Analy- 
tical Catalogue of the Complete Library of the Four Categories), 
+1782; the great bibliography of the imperial MS collection 
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ordered by the Chhien-Lung emperor of Chhing in +1772. 

Wang Chhi, San Tshai Thu Hui (Universal Encyclopaedia), 
Ming, + 1609. 

Chu Hsi et al. (ed.), Thung Chien Kang Mu ((Short View of the) 
Comprehensive Mirror (of History), for Aid in Government), clas- 
sified into Headings and Subheadings); the Tzu Chih Thung 
Chien condensed, a general history of China, Sung, +1189; 
with later continuations. 

Sung Ying-Hsing, Thien Kung Khai Wu (The Exploitation of 
the Works of Nature), Ming, +1637. 

Li Fang (ed.) Thai-Phing Kuang Chi (Copious Records col- 
lected in the Thai-Phing reign-period), Sung, +978. 

Li Chhüan, Thai Pai Yin Ching (Manual of the White and 
Gloomy Planet (of War, Venus)), treatise on military and 
naval affairs, Thang, +759. 

Li Fang (ed.), Thai-Phing Үй Lan (the Thai-Phing reign-period 
Imperial Encyclopaedia), Sung, - 983. 

Chhen Méng-Lei et al. (ed.), Thu Shu Chi Chhéng; the Imperial 
Encyclopaedia of +1726). Index by Giles, L. (2). Refer- 
ences to 1884 ed. given by chapter (chüan) and page. Refer- 
ences to 1934 photolitho reproduction given by tshé (vol.) 
and page. 

Wieger, L. (6), Taoisme, vol. 1, Bibliographie Générale of the 
works continued in the Taoist-Patrology, Tao Tsang). 

Thai Tsu Shih Lu Thu (Veritable Records of the Great Ancestor 
(Nurhachi, d. +1626, retrospectively emperor of the 
Chhing), with illustrations). Ming, +1635, revised in 
Chhing, +1781. 

Tséng Kung-Liang (ed.), Wu Ching Tsung Yao (The Most Im- 
portant Affairs to the Military Classics—a military encyclo- 
paedia). Sung, +1044. 

Tséng Kung-Liang (ed.), Wu Ching Tsung Tao (Chhien Chi), 
military encyclopaedia, first section, Sung, +1044. 

Ma Tuan-Lin, Wén Hsien Thung Khao (Comprehensive Study 
of (the History of) Civilisation), Yuan, +1319. 

Mao Yuan-I, Wu Pei Chih (Treatise on Armament Techno- 
logy), Ming, +1628. 

Attrib. Chiao Yü, Wu Pei Huo Lung Ching (The Fire-Drake 
Manual and Armament Technology), Ming, after +1628, 
but containing much material from earlier versions of the 
Huo Lung Ching. 

Chang Ying (ed.), Yuan Chien Lei Han (encyclopaedia), 
Chhing, +1710. 
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Wang Ying-Lin, Yd Hai (Ocean of Jade, an encyclopaedia of 
quotations). Sung, +1267 but not pr. till Yuan, +1337/ 
+1340, or perhaps +1351. 

Ma Kuo-Han (ed.), Yü Han Shan Fang Chi I Shu ( Jade-Box 
Mountain Studio Collection of (reconstituted and some- 
times fragmentary) Lost Books), 1853. 


AUTHOR'S NOTE 


This volume has been forty-three years in the gestating. On 4th June 1943 
Huang Hsing-Tsung' and I landed at Lichuang? in Szechuan after a rather 
adventurous journey down the Min-chiang and the Yangtse River from Wu- 
thung-chhiao*.> There, near the delightful little town, were the Chinese-German 
Thung-Chi* University, and also the evacuated National Institutes of History 
and Sociology of Academia Sinica. These were then headed by two very famous 
scholars, Fu Ssu-Nien? and Thao Méng-Ho? respectively, whom I was honoured 
to meet. Also in the neighbourhood were the evacuated National Archaeological 
Museum directed by Li Chi’, and the Institute for the History of Chinese 
Architecture under Liang Ssu-Chhéng?. One evening the talk turned to the his- 
tory of gunpowder in China, and Fu Ssu-Nien himself copied out for us the 
earliest printed passages on its composition from the Wu Ching Tsung Yao of 
+1044, a book which we did not then possess.^ It was at Lichuang also that I 
first met Wang Ling? (Wang Ching-Ning), who was destined to be my initial 
collaborator in the writing of Science and Civilisation in China, from 1948 to 1957, in 
Cambridge. A: that time, he was a young research worker in the History Insti- 
tute of Academia Sinica, and made the history of gunpowder, in all its ramifica- 
tions, a lifelong studv. Later on, he pursued a distinguished career as research 
professor of the Institute of Advanced Studies at the Australian National Uni- 
versity at Canberra. 

Of the other two collaborators whose names are on the title-page of this 
volume, Ho Ping-Yü", now Professor of Chinese at Hongkong University, has 
the great merit of having written the first draft of it. Having grown up in Singa- 
pore, he became an eminent historian of science, and later professor at Kuala 
Lumpur and Brisbane successively, since when he has produced many excellent 
books of his own. Finally, Lu Gwei Djen" was one of the first who converted me 
to Chinese studies from 1937 onwards, at which time we planned the present 
series of volumes; and when, twenty years later, she returned from UNESCO in 
Paris to Cambridge, she succeeded Wang Ling as my chief collaborator. This 
she still is. For the present book we have together checked all the battle accounts 
and ihe entries in the military encyclopaedias. 


With the production of this volume, it will be been that all three of the fun- 





* My frs: colleague in the Sino-British Science Cooperation Office. and in recent years our collaborator in 
Botany and Nutritional Science. 
® There are fuller accounts in Needham & Needham (1 pp. geil, 119, and Huang Hsing-Tsang (1), 


pp. 45 Ё. 

© See pp. 117-26 below. 
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damental inventions enumerated by Francis Bacon in +1620 have now been 
dealt with in detail. We quoted the Novum Organon fully in Vol. 1*, but the pas- 
sage is well worth reproducing in shortened form here.” 


Discoveries are to be scen nowhere more conspicuously than in those three which were 
unknown to the ancients, and of which the origin, though recent, is obscure and inglo- 
rious; namely printing, gunpowder, and the magnet. For these three have changed the 
whole face and state of things throughout the world, the first in literature, the second in 
warfare, the third in navigation; whence have followed innumerable changes; insomuch 
that no empire, no sect, no star, seems to have exerted greater power and influence in 
human affairs, than these three mechanical discoveries. 


So, looking back, we dealt with the magnetic compass first, in Vol. 4, pt. 1, then 
with paper and printing, by the care of our valued collaborator, Professor 
Chhien Tshun-Hsün!, in Vol. 5, pt. 1, and now finally with gunpowder in Vol. 
5, pt. 7. Francis Bacon died without knowing that every one of the discoveries 
which he singled out had been Chinese. And although we have not been able to 
identify the personal name of any individual as the fons et origo of the three 
discoveries, no doubt whatever can remain about the people in the midst of 
whom they first came into being. 

The present volume is the middle one of three on military technology. It is 
appearing ahead of the others simply because it is now ready. The first (Vol. 5, 
pt. 6), after an introduction, will deal with (b) Chinese literature on the art of 
war, (c) basic concepts of the classical Chinese theory of war, (d) distinctive 
features of Chinese military thought, (e) projectile weapons, the bow and cross- 
bow, (f) ballistic machinery—pre-gunpowder artillery, and (g) early 
poliorcetics—the siege and defence of cities. I owe a great deal of gratitude to 
my collaborators in these subjects, Wang Ching-Ning, Robin Yates, Krzysztof 
Gawlikowski and Edward McEwen. 

The third part (Vol. 5, pt. 8) wil deal with (i) close-combat weapons, (j) 
chariot warfare, (k) cavalry techniques, including the invention of the stirrup 
and its spread, (1) armour and caparison, (m) camps and formations, (n) sig- 
nalling and other forms of communication; and the whole will end with some 
comparisons and conclusions. Here my principal collaborators have been Wang 
Ching-Ning, Robin Yates, the late Lo Jung-Pang? and Albert Dien. Professor 
Robin Yates of Harvard is taking charge of the general editing of both these. 

It is natural enough that the present volume should take its place among the 
military three because the finding of the gunpowder mixture in the middle of the 
+oth century was no doubt the greatest of all Chinese military inventions. The 
gunpowder rocket might indeed turn out, as we venture to say in this volume, to 
be the greatest single invention ever made by man, for if the sun cools or over- 


* P. 19. 
^ Montagu ed. (Latin), vol. 9, рр. 381-2; Ellis & Spedding ed. (English), р. 300. It is in Bk. 1 of the original 
work, Aphorism 129. 
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heats, and we have to go somewhere else, the rocket will be our only means of 
doing so, since it is the sole vehicle known to man capable of navigating in outer 
space. Not of course the gunpowder rocket, as the Chinese military engineers 
knew it in the middle of the +12th century, but the rocket vehicles of today and 
tomorrow, powered by liquid fuels, or more probably by sub-atomic nuclear 
reactions. 

In the same way, the story we tell here is far more exciting than it could have 
been if warlike applications alone had been in question. Quite apart from the 
application of explosions in mining, quarrying, and the building of human lines 
of communication—all civil engineering tasks—gunpowder, the first chemical 
explosive known to man, had a vital role in the development of all heat engines. 
Mechanical engineers were therefore also involved. Not everyone realises that 
before the steam-engine came into its heyday, Christiaan Huygens and Denis 
Papin in the late +17th century tried to make successful gunpowder-engines; 
and although they could never get them to work, it put them in mind of simple 
water and condensible steam. Hence Thomas Newcomen's success in +1712. 

We have also tried to tell the story of the internal-combustion engine, which 
followed upon his triumph, though long afterwards; and how by 1830 Luigi de 
Cristoforis suggested fuelling it with petrol. The oldest internal-combustion en- 
gine was of course the cannon, but from the engineering point of view its piston 
was not tethered, and the work it did was not useful work. With petrol and 
similar fuels the internal-combustion engine came into its own, permitting, 
among other things, the successful aviation of today. But petrol was nothing else 
than the old Greek Fire, first distilled from petroleum by Callinicus in +7th- 
century Byzantium. This was the greatest incendiary predecessor of gunpowder; 
and in fact the first use of the latter in warfare was as a slow-match in the 
ignition-chamber of a Chinese Greek-Fire projector. This event we date at 
+919. So the wheel had at last come full circle, and the only tragic aspect of the 
affair was the centuries of time it had taken for men to see the beneficent uses of a 
discovery, and the celerity with which its evil uses were found out and put into 
practice. 

We end this volume with an excursus on the travel of the knowledge of gun- 
powder from east to west. Perhaps the most extraordinary fact is that all the 
stages, from the incendiary uses of the mixture right through to the metal-barrel 
hand-gun or bombard, with the projectile fully occluding the bore, were passed 
through in China, before Europeans knew of the mixture itself. Probably there 
were three comings. Roger Bacon by +1260 or so was able to study fire-crackers, 
doubtless brought west by some of his brother friars; and the Arabian military 
engineers in the Chinese service must have let Hasan al-Rammah know about 
bombs and rockets by +1280. Then, within the following twenty years, came the 
cannon, quite possibly directly overland through Russia. 

The preparation of this volume has been accompanied by many changes in 
our group. First I must refer to the much-lamented death of Peter Burbidge in 
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May 1985. He had been not only Executive Vice-Chairman of the East Asian 
History of Science Trust, but also from 1984 onwards the presiding genius, and 
benign protector, of all our volumes, the publication of which he guided as Pro- 
duction Director of the Cambridge University Press. At our weekly meetings we 
have missed him tremendously. But we are fortunate that Colin Ronan, our 
collaborator in the Shorler Science and Civilisation in China series, has taken over as 
Project Co-ordinator. 

Next, this volume has been passing through the press alongside the erection of 
a new and permanent building for the East Asian History of Science Library, on 
the basis of funds most generously subscribed both in Hongkong and Singapore. 
We owe particular gratitude to Dr Mao Wén-Chi', Chairman of the East Asian 
History of Science Foundation Ltd. in Hongkong, with its members and 
benefactors; and to the outstandingly liberal beneficence of Tan Sri Tan Chin 
Tuan? of the Overseas Chinese Banking Corporation in Singapore. 

Similarly, our East Asian history of Science Board, Inc. of New York, headed 
by Mr John Diebold, has concentrated rather on raising funds for the endow- 
ment and research necessitated by the Science and Civilisation in China project, and 
it is due to them that the National Science Foundation, the Luce Foundation 
and the Mellon Foundation, have contributed generously to this end. And here 
Japan has also joined in, for the National institute for Research Advancement 
(NIRA) of Tokyo has given a noble benefaction directed mainly for Vol. 7. Our 
deepest thanks are due to this organisation, directed by Dr Shimokobe Atsushi. 
One cannot be too grateful for such help in the payment of necessary emolu- 
ments and research expenses for our far-flung collaborators. 

As usual, we would like also to thank those who have been of special help to us 
in the preparation of this volume. Thus we are glad to number among our 
friends Мг Howard Blackmore, formerly Deputy Keeper of the Armouries at 
H.M. Tower of London, who gave us valuable criticism throughout; Dr Nigel 
Davies, who arranged for experimental trials of gunpowders containing different 
nitrate percentages, at the Royal Armament Research and Development Estab- 
lishment at Fort Halstead in Kent; and Dr Graham Hollister-Short, who greatly 
helped us in our work on the old gunpowder triers or testers, precursors of the 
gunpowder-engines, as also with the history of blasting in mines and quarries. 
Similarly, Dr Nakaoka Tetsuró! gave us much help with the Japanese context of 
the Moko Shürai Ekotoba (p. 177), the only surviving picture of a +13th-century 
bursting bomb-shell. A special debt is owing to De Clayton Bredt of Brisbane, 
the discoverer of the + toth-century painting of a fire-lance, who read through 
the whole volume and offered numerous amendments. 

Next we wish to record our indebtedness to all the staff of the East Asian 
History of Science Library. In particular we want to thank Mrs Liang Chung 
Lien-Chu* who has attended to all the cross-references, as well as checking the 
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proofs of Bibliographies A and B. When we have had occasion to seek linguistic 
help, we have turned, as before, to Prof. D.M. Dunlop for Arabic, the late Dr 
Charles Sheldon and Dr Ushiyama Teruyo! for Japanese, and Prof. Shackleton 
Bailey for Sanskrit. 

So now let us pull the lanyard and fire off this unpowder volume (to use an 
appropriate analogy) upon the Republic of Learning, not indeed with the inten- 
tion of doing any damage, but rather hoping that it may help those still looking 
for enlightenment about the history of gunpowder-weapons and heat-engines. 
War may or may not have been a decisive factor in human evolution and social 
progress, but what cannot be denied is that the steam-engine and the internal- 
combustion engine have been this, and all were children of the cannon. And that 
in turn was one development of the fire-lance, while the other was the rocket, on 
which all space travel depends. Gunpowder-engines and the steam-engine no 
less than the rocket vehicle were thoughts springing from the European Scien- 
tific Revolution—but all the previous developments, through eight preceding 
centuries, had been Chinese. 
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30 MILITARY TECHNOLOGY (cont.) 
(f) PROJECTILE WEAPONS, III, THE GUNPOWDER EPIC 


(1) INTRODUCTORY SURVEY 


The development of gunpowder was certainly one of the greatest achievements 
of the medieval Chinese world. One finds the beginning of it towards the end of 
the Thang, in the +9th century, when the first reference to the mixing of salt- 
petre (i.e. potassium nitrate), sulphur, and carbonaceous material, is found. 
This occurs in a Taoist book which strongly recommends alchemists not to mix 
these substances, especially with the addition of arsenic, because some of those 
who have done so have had the mixture deflagrate, singe their beards, and burn 
down the building in which they were working. 

The beginnings of the gunpowder story take us back to those ancient practices 
of religion, liturgy and public health which involved the ‘smoking out’ of unde- 
sirable things in general. The burning of incense was only part of a much wider 
complex in Chinese custom, fumigation as such (Asdn').2 That this procedure, 
carried on for hygienic and insecticidal reasons, was much older than the Han, 
appears at once from a locus classicus in the Shih Ching? (Book of Odes), where the 
annual purification of dwellings is referred to in an ancient song, datable to the 
—7th century or somewhat earlier.” It is perhaps the oldest mention of the 
universal later custom of ‘changing the fire’ (kuan huo?, huan huo*), a ‘new fire 
ceremony annually carried out in every home.* The medical fumigation (Лап?) of 
houses, after sealing all the apertures, with Catalpa wood (chhiu‘), is referred to 
in the Kuan Tzu! book not many centuries later; and the Chou Li’, archaising in 
character even if a Former Han compilation, has several descriptions of officials 
superintending fumigation with the insecticidal principles of the plants Illicium 


* We had a good deal to say about this whole subject in Vol. 5, pt. 2, pp. 148. 

> Mao no. 154, tr. Legge (8), vol. 1, p. 230; Karlgren (14), p. 98; Waley (1), p. 166. We quoted the text in 
Vol. 5, pt. 2, p. 148 f. 

© Cf. Bodde (12), p. 75; Fan Hsing-Chun (7), pp. 24-5. There are of course also references to fire cere- 
monies of various kinds in the oracle-bone writings, attesting their existence already in the Shang. 

d Ch. 53, p. 116, tr. Needham & Lu Gwei-Djen (1), p. 449. Various more or less fragrant composites 
(chhiu®), e.g. may-weed, cud-weed or chamomile (Antennaria, Gnaphelium or Anthemis) were burnt in the same 
way. The process was also used for the drying-out of new houses. Not all the smokes were balmy, however, for 
as Harper (2) has shown, the newly discovered Han almanac texts (jih shu!) prescribe, under restraints and 
punishments (chiek!!) the burning of various types of faeces (shih!2) to exorcise demons from houses. This is 
particularly interesting because of the practice later common of adding faeces to incendiary, and even explo- 
sive, gunpowder (pp. 124—5, 343—4 below). Might there not be some significance here in the fact that the main 
meaning of sAi&!?) has always been ‘arrow’? 
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and Chrysanthemum.” From later literature we know that among Chinese scholars 
it was long the custom to fumigate their libraries to minimise the damage caused 
by bookworms, a great pest, especially in the centre and south.? 

As an extension of techniques like these, we find that the uses of scalding 
steam in medical sterilisation were appreciated as early as the + roth century. In 
his Ko Wu Tshu Than! (Simple Discourses on the Investigation of Things) about 
+980, Lu Tsan-Ning? wrote: 


When there is an epidemic of febrile disease, let the clothes of the sick persons be col- 
lected as soon as possible after the onset of the malady and thoroughly steamed; in this 
way the rest of the family will escape infection. 


How general this practice was it would be hard to say, but it probably formed 
part of traditional hygienic usages from the Thang onwards. 

Not only in peace, moreover, but also in war, the ancient Chinese were great 
smoke-producers. Toxic.smokes and smoke-screens generated by pumps and 
furnaces for siege warface occur in the military sections of the Mo Tzu) book 
(4th century), especially as part of the techniques of sapping and mining; 34 for 
this purpose mustard and other dried vegetable material containing irritant 
volatile oils was used. There may not be sources much earlier than this, but 
there are certainly abundant sources later, for all through the centuries these 
strangely modern, if reprehensible, techniques were elaborated ad infinitum. For 
example, another device of the same kind, the toxic smoke-bombs (Auo chhiu*) of 
the +15th century, recall the numerous detailed formulae given in the Wu Ching 
Tsung Yao) of + 1044." The sea-battles of the -F 12th century between the Sung 
and the Chin Tartars, as well as the civil wars and rebellions of the time, show 
many further examples of the use of toxic smokes containing lime and arsenic. 
Indeed, the earth-shaking invention of gunpowder itself, some time in the +gth 
centüry; was closely related to these, for it was at once seen to be connected with 
incendiary preparations, and its earliest formulae sometimes contained arsenic. 

The whole story from beginning to end illustrates a cardinal feature of 
Chinese bue d and science, the belief in action at a distance.‘ In the history 
of naval warfare, for instance, one can show that the projectile mentality domi- 
nated over ramming or boarding, with its close-contact combat.* Smokes, per- 


* Ch. g, gf. 55, 65, ch. 10. рр. та, ga, tr. Biot (1), vol. 2, pp. 386 ©. discussed by Needham & Lu Gwei-Djen 

{ а), pp..430-7.. CE Shih Shu-Chhing (2): 
^ For further information on this subject see Vol. 5, pt. 2. pp. 148-9. 

* We shall return to the matter in Sect. 44 on medicine and hygiene; in the meantime there ts much relevant 
information in Needham & Lu Gwei-Djen.(1). 

* See Vol. 4, pt. 4, pp. 137-8, Vol. 5. pt. 6 and Yates (3), рр: 422 f. 

* CE pn. 117. E below: 

C CE Vol. 4, pt. npp 8, 12. 32-3, 60,2338. If'this had not been so, the polarity of the magnet would never 
have béen discovered, for in China it was never thought odd that an earthly sublunary stone or metal needle 
should direct itself towards the pole-star on high: 

* Cf Vol a; pt. 3, pp: 6824, 697. 
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fumes, hallucinogens,* incendiaries, flames, and ultimately the use of the pro- 
pellant force of gunpowder itself, form part of one consistent tendency discernible 
throughout Chinese culture from the earliest times to the transmission of the 
bombard, gun and cannon to the rest of the world about + 1300. And indeed we 
believe that the following sub-sections will demonstrate beyond doubt that the 
entire development from the first discovery of the gunpowder formula to the 
perfection of the metal-barrel gun emitting a projectile of dimensions closely 
fitting the bore, took place in China before other peoples knew of the inventions 
at all.” 

Now in order that the reader may the more easily dominate the mass of detail 
necessarily appearing in evidence as we go on, it may be desirable to explain a 
chart (Fig. 1) which sets forth the whole course of events as we have found them. 
This may correspond to another chart (Fig. 233 on p. 569 below) to be con- 
sidered at the end of our enquiry, which illustrates the inter-cultural trans- 
missions which took place. 

But before going any further it must be emphasised that although naturally 
this Section is placed in a Volume on military technology, the invention of 
gunpowder had implications far transcending military history. The viewpoint of 
the civil engineer is not to be ignored. His attitude towards explosives is very 
different from that of the soldier, for he thinks of them as rock-blasting and 
earth-moving facilities, means for carving out the formations for roads, water- 
ways, railways, pipe-lines and all the multifarious veins and arteries of civilised 
intercourse; nor could the achievements of modern mining and quarrying be 
thinkable without the use of explosives. These things we shall take a look at later 
on (p. 533) as we see them growing out of the very ancient technique of ‘fire- 
setting’. Other civil uses of gunpowder and the more sophisticated explosives 
that derived from it can be found in religious, ceremonial and meteorological 
rockets, whether exploratory or weather-modifying (р. 527).* But the mechanical 
engineer is also in the picture. Later on (p. 544) we shall have something to 
say about the efforts to make gunpowder-engines before steam-engines came 
into their own; and indeed it was the former that led directly to the latter. 
As everyone knows, the steam-engine had its day, and it was а great one, not 
yet quite over; but when men's thoughts returned to internal combustion 
a fuel was needed to explode obediently in the cylinder, and. what was it? 
Nothing other than the antecedent of gunpowder, namely the distilled petro- 
leum that had consituted Greek Fire. And so these substances the effects. of 
which have been so terrible in warfare, turn out to be most intimately related 
to the development of the heat-engine, оп which all modern civilisation has 
depended.? 

* CE Vol. 5, pt. 2; pp. 1509, 

© As we shall see (p. 5: below), Berthold Schwartz is a pure myth. 

“ We say nothing here ofthe sublime fuaction ofthe rocket as the 


due course (pp. 506, 521) we shall. 
4 CE e.g. Prigogine & Stengers (т), pp. 1:06. 
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Clearly this entire subject is concerned with power,’ might and power placed 
in the hands of man as social evolution has gone on, power and might which 
form a couple of chapters only in the line of development which in the end has 
now given him mastery over the sub-atomic processes of suns, sources of inex- 
tinguishable energy, a mastery which has outstripped (it may be greatly feared) 
his ethical and moral maturity. Yet mastery over Nature remains the second 
grandest of ideals, as Robert Boyle wrote long ago, in 1664. He is well worth 
listening to. 


And though it be very true [said Һе]? that man is but the Minister of Nature, and can 
but duely apply Agents to Patients (the rest of the Work being done by the applyed 
Bodies themselves) yet by his skill in making those Applications, he is able to per- 
form such things as do not only give him a Power to Master Creatures otherwise much 
stronger than himselfe; but may enable one man to do such wonders, as another man 
shall think he cannot sufficiently admire. As the poor Indians lookt upon the Spaniards 
as more than Men, because the knowledg they had of the Properties of Nitre, Sulphur 
and Charcoale duely mixt, enabled them to Thunder and Lighten so fatally, when they 
pleas'd. 

And this Empire of Man, as a Naturalist, over the Creatures, may perchance be, to a 
Philosophical Soul preserved by reason untainted with Vulgar Opinions, of a much 
more satisfactory kind of Power or Soveraignty than that for which ambitious Mortals 
are wont so bloodily to contend. For oftentimes this Latter, being commonly but the Gift 
of Nature, or Present of Fortune, and but too often the Acquist of Crimes, does no more 
argue any true worth or noble superiority in the possessor of it, than it argues one Brasse 
Counter to be of a better Metal than its Fellows, in that it is chosen to stand in the 
Account for many Thousand Pounds more than any of them. Whereas the Dominion 
that Physiologie gives the Prosperous Studier of it (besides that it is wont to be innocent- 
ly acquired, by being the Effect of his knowledge), is a Power that becomes Man as Man. 
And to an ingenious spirit, the Wonders he performes bring perchance a higher satisfac- 
tion, as they are Proofes of his Knowledge, than as they are Productions of his Power, or 
even bring Accessions to his Store. 


Here at the outset it would not be inappropriate to say something, for the 
benefit of those less familiar with the Chinese literary tradition than others, on 
what we might call the *philological network'. Chinese historical writing cannot 
just be dismissed as unreliable, for no civilisation has had a greater historical 
tradition than China, and the accounts of what really happened in all the ages 
have been the work of thousands of meticulous and painstaking scholars. All 
that historians can do, they did, and archaeological finds have proved them 
right again and again, sometimes spectacularly. No other civilisation produced a 


* Everyone will remember the delicious but bitter satire of Jonathan Swift (2), in the 7th chapter of pt. 2 of 
his Gulliver’s Travels ( 1726); where the voyager tells how he explained the nature and effects of gunpowder 
weapons to the King of Brobdingnag, and how utterly shocked and horrified this prince was when he heard 
about them. Gulliver affects to despise him for that—but Swift himself never knew that the explosive prop- 
erties of gunpowder had already led a couple of dozen years earlier to the development of the steam-engine, 
which in its turn would generate the internal-combustion engine, with all the inestimable benefits which they 
have brought to mankind. 

^ (8), pt. 1, p. 20. 
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body of work like the twenty-four dynastic histories (erh shih ssu shih’), and these 
were supplemented by a vast body of unofficial historical writings; besides which 
there were encyclopaedists with high scholarly values in all ages, as well as 
biographers and authors of memorabilia. Modern philology has had a great part 
to play in the evaluation of all this, for the authenticity of texts can be cross- 
checked in many ways—who quotes whom, and is quoted by whom, who was а 
contemporary of whom, and what do we know about their life and times. Occa- 
sional false attributions and anticipatory ascriptions of course there are, but a 
whole literature of historical criticism and elucidation is available in Chinese, 
whereby the texts of erroneous, composite or doubtful date (wei shu?) can be 
distinguished from the majority which have impeccable authenticity. As we 
noted at an earlier point,* the study of the history of science and technology in 
China is in fact aided by the very circumstance that these pursuits were not 
highly regarded by the Confucian literati, so it would not have occurred to any- 
one that credit could be gained by falsifying matters so as to ascribe a given 
discovery or invention to a date earlier than that at which it actually happened. 
The same circumstance prevented dealers from forging non-artistic objects such 
as scientific equipment or military weapons so as to give an erroneous appear- 
ance of antiquity. No one wanted to collect such things; there was no profit in it. 
The Confucian bureaucrats always had a supercilious attitude towards the sol- 
diers, whose commanders were invariably lower than the corresponding civi- 
lians in official rank. From the texts of the military compendia one gets the 
impression that they were in deadly earnest, lacking the allusions and literary 
graces which other books possessed.* Interpolations in them are very rare in- 
deed.* All in all, we believe that what the Chinese historians and military writers 
say is almost always credible.* Such is our view of the reliability of what we shall 
be telling in the following sub-sections. 

It is well to be clear from the beginning that broadly speaking the term ‘fire- 
chemical’ or ‘fire-drug’ (kuo yao?) never means anything other than that mixture 
of saltpetre, sulphur and charcoal which we call gunpowder. To this there is, so 
far as we know, but a single exception—a recondite one—and that lies in the 
field of physiological alchemy, or the making of the ‘inner elixir’ (nei Гап“), where 


* Nol t; p.77. 

* "Of course where Shang or Chou bronze vessels of artistic merit were concerned, the case is different. There 
was à great growth of antiquarianism from Sung times onwards (cf. Vol. 2, pp. 393 f.) апа forgeries certainly 
occurred. 

* "T'his does not mean that every device described іп late books such as the Wu Pei Chik (sce p. 34 below) 
was necessarily used at the time; they are often liable to describe, with antiquarian zeal, inventions of the past, 
ever when sometimes. long disused. This has to be allowed for when reconstructing Chinese military engineer- 
ing history. 

3 One has to allow of course for legendary attributions to figures such as Yao, Shun, Huang Ti and even 
Chuko Liang (cf. p: 25. below); but these аге easily recognised: 

Е "Though the latter may exaggerate а bit now and then about the ranges of their weapons. It is usually 

faitly-&asy-to.correct for such things 
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the juices and fluids of the human body, wrought upon by divers techniques and 
exercises, were believed to generate an enchymoma or macrobiotic drug which 
would confer material immortality upon the adept? Here, in order to make 
manifest the intimate relations of these entities with the Five Elements, it was 
necessary to coin special adjectives, and to translate chin i! as ‘metallous juice’ 
(not as potable gold), or mu yao? as ‘lignic medicine’. Accordingly, encountering 
huo yao in nei tan texts of late date, it has to be translated as ‘pyrial salve’, i.e. the 
salivary Yang descending, in contrast with the 'aquose salve', the seminal Yin, 
ascending; essential components of the enchymoma to be formed at the centre 
of the body. But the lore of these two pro-enchymomas had an extremely limited 
readership, and we can be sure that very few Chinese scholars throughout his- 
tory ever understood Auo yao in any sense other than gunpowder. 

Fig. 1 runs from left to right. Out of the remote depths of history come the 
incendiary substances, needing ignition, and burning, sometimes quite fiercely, 
in air. Attached to arrows (Auo chien’), they cross the stage and must have lasted 
down well into the Sung time or even later. One of these incendiaries was naph- 
tha, derived from natural petroleum seepages; but a great step forward was 
made in +7th-century Byzantium, when Callinicus successfully distilled it to 
give low boiling-point fractions something like our petrol, which could be pro- 
jected at the enemy by pumps which constituted flame-throwers." We think we 
can identify naphtha under the name shih yut, and Greek Fire, as it was called, 
under that of méng huo yu’. The ‘siphon’, or force-pump, was of particular impor- 
tance because it was the site of the first use of gunpowder in war; this was the 
appearance of a slow-match impregnated with the material in the ignition cham- 
ber (huo iou*) of the machine-—and the date was +919. That was a century 
which saw great commerce in these petrol fractions; they often came through 
from the Arab trade, but so much of the spirit was circulating among the rulers 
of the Five Dynasties period that the Chinese must surely have been distilling it 
themselves.’ 

Without doubt it was in the previous century, around +850, that the early 
alchemical experiments on the constituents of gunpowder, with its self- 
contained oxygen. reached their climax in the appearance of the mixture it- 
self. We need not harp upon the irony that the Thang alchemists were essential- 
ly looking for elixirs of life and material immortality.? But it is only reasonable to 
recognise that once their elaboratories had jars containing (among many other 
things) all the constituents (more or less puriBed) of the deflagrative and 








* Full details on this have been given in Vol. 3, pt. 5. 

* Cf. p. 100 below. 

"OE ge Shih: Chin Shih, p. 142, and all the writings of Fu Chin-Chhüan.* 

*. See Vol. 3. pp. 609 E * See Vol. 4. pt. 2. pp. t44 ff. 

i See Vol. 5, pt 4. pp. 158 f. *. See Vol. 4, pt. 2. pp. ууй 

' ФЖ 7 Бе u T xs кй 
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explosive substance on their shelves, and once the alchemists started mixing 
them in all possible combinations, gunpowder was sure to be found one day. If 
its first formulae did not appear in print until +1044, that was a full two hun- 
dred years before the first mention of the mixture in the Western world,’ and 
even then no information was available there about the proportions necessary. 

By about +1000 the practice was coming into use of putting gunpowder in 
simple bombs and grenades, especially those thrown or lobbed over from tre- 
buchets? (huo phao!').* Here the progression was from bombs with weak casings 
(phi li phao? or ‘thunderclap bombs’) to those with strong ones (chen thien lei? or 
*thunder-crash bombs"). This paralleled a slow but steady rise of the percentage 
of saltpetre (potassium nitrate) in the composition, so that by the +13th century 
brisant explosions became possible. In the meantime there was also a develop- 
ment of devices for mines, both on land and in the water. As long as the nitrate 
content remained low, there was a tendency to use gunpowder just as an in- 
cendiary better than those before available, but this did not outlast the -- 12th 
century. 

So far all the containers had been in principle spherical, but the way to the 
true barrel gun—and to the piston of all engines too—lay through the cylindri- 
cal container. Biological analogies must always have been in men's minds (at 
least subconsciously); the cylindrical tubes through which excretion and emis- 
sion occur.? But in China people had a natural cylinder ready to hand, the 
bamboo stem, once cleared of its septa, and any contents of the internode re- 
moved.* This transition occurred first in the middle of the + roth century as we 
know from a silk banner belonging to one of the Buddhist cave-temples at 
Tunhuang in Kansu (p. 222 below). The scene depicts the temptation of a Bud- 
dha by the hosts of Mara the Tempter, many of whose demons are in military 
uniforms and carry weapons, all aiming to distract him from his meditation. 
One of them, wearing a head-dress of three serpents, is directing a fire-lance (Auo 
chhiang^) at the seated figure, holding it with both hands and watching the flames 
shoot out horizontally. This is the earliest representation we have of a weapon 
which had enormous repercussions between +950 and +1650; it played a very 
prominent part, for example, in the wars between the Sung and the Jurchen 
Chin Tartars from +1100 onwards. It was then for the first time described, 


* By Roger Bacon, of course, cf. p. 47 below. 

> Or mangonels, not the torsion type of pre-gunpowder artillery, but depending on the swape principle. Cf. 
Vol. 4, pt. 2, pp. 331 ®© 

* Note that this term applied also to the projectile, hence much grief for the historians. We shall return to 
the problems of vocabulary and terminology in a moment. 

4 There are even examples of missiles, if anybody had known about it, or thought of it, in the animal world. 
One could mention the dart-sacs of gastropod molluscs, which emit calcareous pencil-like rods into the body of 
the partner during sexual intercourse (Shipley & McBride (т), 1st ed., p. 208, 4th ed., p. 295; Marshall & 
Hurst (т). fig. 32, pp. 128—9, 133); or the nematocysts of coelenterates, which send out poisonous lassoes 
(Lulham (1), p. 27). But it is doubtful whether any of these cases would have been known in the Middle Ages. 

* Cf Burkill (1), vol. 1, pp. 289 £. 
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about +1130, in the Shou Chhéng Lu! of Chhen Kuei’, relating the defence of a 
certain city north of Hankow.* Essentially the fire-lance was a tube filled with 
rocket composition, relatively low in nitrate, but not allowed to fly loose, held 
instead upon the end of a spear. An adequate supply of these five-minute flame- 
throwers, passed from hand to hand, must have been an effective discourage- 
ment to enemy troops from storming one's city wall. 

The development of the fire-lance from the petrol flame-thrower pump must 
have been an easy and logical process. It turned that flame-projector into a 
portable hand-weapon for spouting fire, and since gunpowder, even though very 
low in saltpetre, had been used in the projector as a slow-match igniter, the new ` 
development was not far to seek. Also it was in a way a more effective method of 
using the incendiary properties of gunpowder, which must have been apparent 
even before the -- roth century had begun. But the basic point was that the 
cylinder had been born. Most probably it originated with the natural gift of the 
bamboo tube, but as time went on all kinds of materials were employed for it, 
even paper (another Chinese invention), a substance which by appropriate 
treatment can be made so hard that it was actually used for armour.” What is 
important to note is that as the fire-lance period went on, through the + roth and 
t r2th centuries, metal, both bronze and cast iron, perhaps also brass, was used 
to make the tube. This was one outstanding precursor aspect of the true metal- 
barrel gun or cannon, but the other was the addition of projectiles which issued 
forth along with the flames. 

Here in this phase we have been obliged to coin two technical terms. The 
projectiles which were spurted forth in this way needed a special name, so we 
call them ‘co-viative’, distinguishing them thus from the true bullet or cannon- 
ball, which in order to use the maximum propellant force of the gunpowder 
charge, must fill the bore of the barrel. The fire-lance projectiles could be any- 
thing offensive, such as bits of scrap metal or broken porcelain, but they could 
also be arrows. None of them would have issued with great velocity, but they 
could have been effective enough against unarmoured attackers, especially if the 
arrows were poisoned, as the texts often say they were. Secondly, when the 
fire-lances grew large, they were mounted on specially designed frames or car- 
riages, almost like field-guns, and these we call ‘eruptors’. These in their turn 
emitted miscellaneous co-viative projectiles, including arrows and containers of 
poisonous smokes, containers which in some cases may have been explosive, and 
therefore merit the name of shells or proto-shells. We often have to utilise these 
ambiguous prefixes, for example a gunpowder which contains carbonaceous 
material rather than charcoal may be usefully called proto-gunpowder. Similar- 
ly, we cannot always be sure whether a projectile fitted the bore of a gun or not, 
in which case it is convenient to call the weapon a quasi-gun or a proto-gun. 


a P. 222 below. ^ Cf. Vol. 5, pt. т, рр. 114-5; pt. 8 (1) 2, їй. 
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Thus the fully developed firearm had three basic features: (1) its barrel was of 
metal; (2) the gunpowder used in it was rather high in nitrate; and (3) the 
projectile totally occluded the muzzle so that the powder charge could exert its 
full propellant effect. This device may be called the ‘true’ gun, hand-gun, or 
bombard, and if it appeared in late Sung or early Yuan times, about +1280, as 
we believe it did, its development had taken just about three and a half centuries 
since the first cylindrical barrels of the fire-lance flame-throwers. This was not 
bad going for the Middle Ages, and it is important to realise that none of these 
early tentative phases had existed in Islam or Europe at all. The bombard 
appears quite suddenly full-fledged in the famous illustration of Walter de Mila- 
mete’s Bodleian MS. of +1327. Give or take a few decades, the bombard cannot 
have come to Europe much before +1310. 

There, however, great sociological changes were about to happen— the Re- 
naissance, the Reformation, the growth of capitalism, and the scientific revolu- 
tion. Hence the speed of change in Europe began to outstrip the slow and steady 
rate of advance dictated by Chinese bureaucratic feudalism. The merchant- 
adventurers and the bourgeois entrepreneurs were to the fore once the t 15th 
century hàd begun; the patricians of the mercantile city-States, the ironmasters, 
the mining proprietors and the factory builders, all these took charge as Euro- 
pean aristocratic military feudalism died. Hence the way in which the gunpow- 
der weapons first worked out by the Chinese began to come back to them in 
improved form. The serpentine lever, which applied the smouldering match to 
the touch-hole of guns (p. 459) may have been invented in China, and the Turks 
may have improved it into the matchlock musket; certain it is that this superior 
weapon reached China either direct through Central Asia by +1520, or at the 
latest via the Portuguese and Japanese by +1548. Similarly, the Portuguese 
breech-loading culverin® or small cannon came up from Malaya by +1510 or so, 
and its replaceable chambers were greatly appreciated by the Chinese gunners. 
And later the flintlock musket appeared, and later still the rifle. In the +17th 
century the Jesuits were ‘drafted’, so that John Adam Schall von Bell could be 
seen superintending the Western-style cannon foundry of the last Ming emperor 
in +1642~3, while Ferdinand Verbiest had to undertake the same duty 
for the Chhing court in +1675. Thus did the inventiveness of the Chinese re- 
verberate and recoil across the length of the Old World. Some eastern nations in 
modern times have been accused of being able only to copy and improve; but of 
no one was this more true in the +15th and 4 16th centuries than the Wester- 
ners. To be sure, with ballistics and dynamics they soon became ‘airborne’, but 
that was quite a time after the first knowledge of the first of all chemical explo- 
sives reached Europe. 

It may seem surprising that until now nothing has been said about the rocket. 


* “Fhe word is improper, but there is no generally available equivalent (cf. p. 367). 
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In this day, when men and vehicles have been landed on the moon, and when 
the exploration of outer space by means of rocket-propelled craft is opening 
before mankind, it is hardly necessary to expatiate upon what the Chinese en- 
gineers started when they first made rockets fly. After all, it was only necessary 
to attach the tube of the fire-lance to an arrow, with its orifice pointing in the 
opposite direction, and let it soar away free, in order to obtain the rocket effect. 
Exactly at what date this 'great reversal' happened has been a debatable ques- 
tion.? Twenty years ago, when our contribution to the Legacy of China was writ- 
ten,” we thought that rocket-arrows were developed by about +1000, in time for 
the Wu Ching Tsung Yao. That depended on one's interpretation of the ‘gunpowder 
whip-arrows’ (uo yao pien chien!) described therein, but we now believe that these 
were not rockets, nor yet the Лио chien” either, which it also rnentions and illus- 
trates, All these were still incendiary arrows, designed to set on fire from a dis- 
tance the enemy's camps or city buildings; but in later times this same phrase 
was universally used to mean rockets. Here was another example of terminolo- 
gical confusion, when the thing fundamentally changed, while the name did 
not.^ 

There would be a very good case for a linguistic analysis of such problems 
over the whole range of science and technology, and Hollister-Short (2) has 
made a valuable contribution to it. How, he inquires, is a technical vocabulary 
generated in order to denote some new machine or technique? Language has 
often failed to keep up with technical change. Already we have come across the 
difficulties of precise nomenclature with regard to water-raising machinery,‘ and 
vertical or horizontal wheels." We had to define our terms. Hime long ago 


* Probably the best estimate would be some time between +1150 and +5140, and earlier rather than later. 

^ Needham (47). 

© A classical example of this is the word phao*, which meant anciently both the trebuchet and the projectile 
which was hurled from it. When fire came into warfare, hue phao? (as we have just seen) was used still to mean 
the engine and the missile which it threw. But tlie term remained the same through all the following stages: (1) 
incendiary. projectiles, (2) gunpowder used as incendiary in projectiles, (3) explosive projectiles in weak cas- 
ings, (4) higher-nitrate explosive projectiles in strong casings, and finally (5) bombards and cannon, where 
gunpowder was used as propellant, and no trace remained either of the trebuchet or the explosive projectile. 
This gives some idea of the terminological toils which it has been necessary to unravel in the sub-sections 
which follow. 

3 СЕ VoL 4, pt. 2, p. 330ff. 

7 Vol. 4, pt. 2, p. 367. These were both examples of floating terminology among historians of engineering. 
But plenty of ambiguity can be found in Chinese writings too-—as we have already pointed out (Vol. 4, pt. 2. 
pp. 267, 278 and passim} the word che? was used quite indifferently for ‘vehicle’ and ‘machine’. А closer 
parallel to the point at issue here is the way in which the term 10% continued тө mean the axial rudder after 
having for centuries meant something entirely diferent, namely the steering-oar (cf. Vol. 4, pt. 3, pp. 6388). 
And to come nearer home, we may note that Asiaa” was as much a witch-word in early chemistry in China as 
иге? was in the West. We decided (Vol. 5, pt. 4, pp. 193-4) that the only. way to be sure that ап early writer 
meant ‘saltpetre’ when he said Asias shih? Csolve-stone") is to see what he said about its properties. China was 
not short of good technical terms, but all through history there has been everywhere a great reluctance to coin 
new ones when they were needed. 
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encountered the same problem in relation to the subject of the present Section. 
He wrote:* 


Take for example a word W, which has always been the name of a thing M. It is then 
applied to some new thing, N, which has been devised for the same use as M and 
answers the purpose better. W thus represents both M and N for an indefinite time, until 
M eventually drops into disuse, and W comes to mean N, and N only. The confusion 
necessarily arising from the equivocal meaning of W during this indefinite period is 
entirely due, of course, to (the failure of people) to coin new names for new things. If a 
new name had been given to N from the first, no difficulty would have ensued ... But as 
matters have fallen out, not only have we to determine whether W means M or N when it 
is used during the transition period, but we have to meet the arguments of those ... who 
insist that because W finally meant N it must have meant N at some bygone time when 
history and probability alike show that it meant M, and M only. 


This is exactly the case with the fire-arrow and the rocket. We can recall a 
similar situation in China when the invention of the escapement for mechanical 
clocks was made, yet no one could think of a new name to distinguish such 
horological machines from clepsydras.^ As for Hollister-Short, he took for his 
study the term Stangenkunst (rod-engine), which had two entirely different mean- 
ings, (1) a water-wheel placed above a mine-shaft, with rods descending from its 
cranks to actuate tiers of suction-pumps, and (2) the transmission of power 
across country from a water-wheel by means of horizontal rocking pantograph- 
like *field-rods'.* It took all of two and a half centuries to clarify this. Fifty years 
ago I drew attention to the development of technical terms as a prime limiting 
factor in the history of science.? 

So when then did the rocket really start on its prestigious career? It is clear 
now that the fire-lance long preceded it; the Tunhuang banner of about +950 
settled that question. We have to search for rocket beginnings in a rather dif- 
ferent direction, and a couple of centuries later. During the second half of the 
-F 12th century we find the appearance of two kinds of fireworks, the one called 


a (2), p. 8. The words in brackets are a simplification introduced by us. Hime actually quoted Horace (Ars 
Poetica, ll. 48—53): 
.... Si forte necesse est 
Indiciis monstrare recentibus abdita rerum 
Fingere cinctutis non exaudita Cethegis 
Continget, dabiturque licentia sumpta pudenter.... 
Le. ‘If by any chance it's necessary to reveal hidden things by new indications, making up words which were 
never heard by the old Cethegi in their antique robes; this is permissible so long as it's not overdone, and these 
new and made-up words will have authority if they fall sparingly as drops from the fountains of the Greek 
tongue’. This must have inspired Linnaeus, who would not admit into his binomial nomenclature any word 
that did not come from Greek or Latin—or looked as if it did. On this cf. Vol. 6, pt. 1, p. 168. What inspired 
Hime to make his ‘poignant cry’ was the fact that so many European words had remained the same though the 
sense fundamentally changed. Thus ‘artillerie’ could mean іп old times bows and arrows, while ‘gonne’ was 
used for the projectile of a ballista. He gave examples from Arabic, and even from Chinese, too. On the passage 
from Horace, sce Brink (2), Vol. 2, pp. 57, 138. 
5 Vol. 4, pt. 2, p. 465. 
* Vol. 4, pt. 2, p. 351. 
9 Needham (2), p. 215, (27). 
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‘ground-rats’ (ti lao shu!), and the other ‘meteors’ (liu hsing?). Probably the for- 
mer was the older, just a tube, probably of bamboo,’ filled with gunpowder апа 
having a small orifice through which the gases could escape; then when lit, it 
shot about in all directions on the floor at firework displays. Alternatively, if 
attached to a stick, it flew off into the air, as at the night-time celebrations on the 
West Lake at Hangchow. That the two things were closely connected appears 
from late appellations such as ‘flying rat’ ( fei shu?) and ‘meteoric ground-rat’ (liu 
hsing ti lao shu*). Ground-rats are contained in many specifications for bombs, 
where they are often equipped with hooks, and they must have been quite effec- 
tive, especially when used against cavalry. As a firework they were certainly 
capable of frightening people, as we know from the story of a Sung empress who 
was ‘not amused’ by them (p. 135). 

Such civilian uses would have reminded the soldiers of the recoil effect of 
fire-lances which they must always have had to withstand, whereupon someone 
in the last decades of the century, perhaps about +1180, tried a fire-lance fitted 
backwards on a pike or arrow, with the result that it whizzed away into the air 
towards a target. Thenceforward, rockets were very commonplace, both in 
peace and war, through the Southern Sung, the Yuan and Ming, indeed down to 
the late Chhing, when they appeared in action against the foreign invaders in 
the Opium Wars. Many developments of great interest occurred during this 
long period. First, there were several types of multiple rocket-arrow launchers, 
designed so that a single fuse would ignite and despatch more than fifty projec- 
tiles. Later on these were mounted on wheelbarrows, so that whole batteries 
could be trundled into action positions like regular artillery in modern times. 
But even more interesting were the rockets provided with wings, and carrying a 
bomb with a bird-like shape, early attempts to give some aerodynamic stability 
to the missile’s flight, prefiguring the fins and wings of modern rocket vehicles. 
And just as the Chinese had invented the rocket itself, so it was natural that they 
should be the first to construct large two-stage rockets; propulsion motors 
ignited in successive stages, and releasing automatically towards the end of the 
trajectory a swarm of rocket-arrows to harass the enemy’s troop concentrations. 
This was a cardinal invention, foreshadowing the Apollo space-craft, and the 
exploration of the extraterrestrial universe. 

Like all the other stories, we shall tell this one in its place (p. 472), but a 
word may be said here of how the path led from the ground-rat to the space- 
rocket. We shall see how for a time it was the Indians who excelled in the use of 
rocket missiles, a circumstance which led to a great development of warhead roc- 
kets in the first half of the nineteenth century in Europe. But this was a phase 
which came and went, for high explosive and incendiary shells could be fired from 


* But carton, or paper even, could have been used, as it certainly was later. 
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more advanced artillery with much greater accuracy of aim; so that the rocket 
batteries of the West died out after about 1850, and little use was made of roc- 
kets during the First World War. Meanwhile, however, another fundamental step 
forward had been made, to join the cluster of inventions which had happened in 
China in the first place; this was the study and development of liquid fuels, 
rather than the deflagrative gunpowder with which it had all begun. And this 
development was not inspired by war, rather by the science fiction writers, some 
of whom had appreciated the crucial fact that the rocket is the only vehicle 
known to man which can overcome earth's gravity, leave earth's atmosphere, 
and voyage among the planets and the stars. Truly, ‘meteoric’ was no bad name 
that the Chinese of the +12th century had coined for their ‘flying rats’. 

We have now passed in review the whole procession of inventions, with all 
their implications so fateful for the human race, between the earliest experi- 
ments with the gunpowder mixture in the +gth century and the appearance of 
the multi-stage rocket in the +14th. This had occupied some five centuries or 
so, with the transmission to the Western world coming right at the end of the 
period. And so, as we view the wheelbarrow rocket-launcher batteries passing off 
behind the curtains on the right of the stage, we must feel bound to salute those 
ingenious men of the Chinese Middle Ages 'that were Authours of such great 
Benefits to the universal World’. For benefits there really were in store, and 
great ones, even though the warlike applications of gunpowder dominated for a 
very long time. 

With this, our introduction may be ended; but before throwing open to the 
reader the vast museum of historical detail which justifies the statements that 
have been made, there are a very few concluding considerations we ought not to 
omit. 

For example, there is a classical notion, a cliché perhaps, an idée régue, a vul- 
garisni, a false impression, which still circulates in the wide world—-namely that 
though the Chinese discovered gunpowder, they never used it for military 
weapons, but only for fireworks.* This is often said with a patronising undertone, 
suggesting that the Chinese were just simple-minded; yet it has an aspect of 
admiration too, stemming from the Chinoiserie period of the eighteenth century, 
when European thinkers had the impression that China was ruled by a ‘benevo- 
lent despotism’ of sages. And indeed it was quite true that the military were 
always. (at least theoretically) kept subservient in China to the civil offi- 
cials." Like scientists in England during the Second World War, the soldiers 
and their commanders were supposed to be ‘on tap, but not on top’. No other 


^: Actually it may well be that the application of it to rock-blasting preceded the first warlike use of it by half 
a century or so (cf. p. 538). 

> Of course there were periods of anarchy and: warlordism from time to time; and especially in early periods 
pen such as Tu Үй! (--223 to - 204) were successful military. commanders as well as gréat scholars and civit 
officials: But in spite of the rendency of literati historians co exalt their own estate, the generalisation holds good. 
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civilisation in the world succeeded as well as China in keeping the military 
under tight control for all of two millennia, in spite of massive and extended 
foreign invasions, as well as peasant rebellions ever renewed.” So the cliché 
could have been justified, but as we shall abundantly see, it never was. 

Then the Chinese invention of the first chemical explosive known to man 
should not be regarded às a purely technological achievement. Gunpowder 
was not the invention of artisans, farmers or master-masons; it arose from the 
systematic, if obscure, investigations of Taoist alchemists. We say systematic 
most advisedly, for although in the +6th and +8th centuries they had no 
theories of modem type to work with, that does not mean that they worked with 
no theories at all. On the contrary, we have shown that the theoretical structure 
of medieval Chinese alchemy was both complex and sophisticated.” An elabo- 
rate doctrine of categories, foreshadowing the study of chemical affinity, had 
grown up bv the Thang, reminiscent in some ways of the sympathies and anti- 
pathies of the Alexandrian proto-chemists; but more developed and less anim- 
itsic.* Thus it remains to be seen what elements in this thought-complex were 
dominant when the fateful mixture was for the first time made. To sum the 
matter up, its first compounding arose in the course of century-long systematic 
exploration of the chemical and pharmaceutical properties of a great variety of 
substances, inspired by the hope of attaining longevity or material immortality. 
'The Taoists got something else, but in its devious ways also an immense benefit 
to humanity. 

Robert Boyle had something to say on this subject in +1664. 


Those great Transactions [he wrote]? which make such a Noise iu che World, and estab- 
lish Monarchies or ruine Empires, reach not so many persons with their influence, as do 
the Theories of Physiology. 

To manifest this Truth, wc need but consider what changes in the Face of things have 
been made by two Discoveries, trivial enough, the one being but of the inclination of the 
Needle, touched by the Load-stone, to point toward the Pole; the other being but à 
casual Discovery of the supposed Antipathy between Salt Petre, and Brimstone.“ For 
without the knowledge of the former, those vast Regions of America, and all the Trea- 
sures of Gold, Silver, and precious Stones, and much more precious Simples they. send 


? CE the words of Lu Chia and Shusun Thung to the first Han emperor, Liu Pang, quoted in Vol. 1, p. тоз. 

^ The role of time was paramount in it (cf. Vol. 5, pt. 4, pp. 22: E, 231 I. 1; and the alchemists believed that 
they could accelerate and decelerate temporal processes at will (did. p. 244 and Fig. 1516). They also recog- 
mised what we should call а basic law, namely that the maximuny state of a variable ts inherently unstable: 
Thus Yin begins to go over to Yang ав зооп as its apogee is reached (cf. ibid. p. 226 and Fig. 1515): The 
alchemisis also made much use in their apparatus of cosmic models (ibid. pp. 279 #.}. It is often said that with 
all the jars of purified substances on the shelves, the gunpowder constituents were probably mixed for the first 
time у chance’; but who can tell what train.ol thought the macrobiotic experimenter was following when he 
did in? - > И 

СЕ Vol. 5, pt. 4. pp. 395 

408); р шор S І : S 

" Here he was quoting almost verbally front Francis: Bacon's Norem Organum, published: forty-four years 
earlier (c£. Vol 4. p.49). Bacon of course added printing to make the three inventions which had upset the 
whole world. 
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us,” would have probably continued undetected; And the latter giving an occasional rise 
to the invention of Gunpowder, hath quite altered the condition of Martial Affairs over 
the World, both by Sea and Land. And certainly, true Natural Philosophy is so far from 
being a barren Speculative Knowledg, that Physick, Husbandry, and very many Trades 
(as those of Tanners, Dyers, Brewers, Founders, &c.) are but Corollaries or Applica- 
tions of some few Theorems of it. 


Thirdly, in the gunpowder epic we have another case of the socially devas- 
tating discovery which China could somehow take in her stride, but which 
had revolutionary effects in Europe. For decades, indeed for centuries, from 
Shakespeare's time onwards, European historians have recognised in the first 
salvoes of the +14th-century bombards the death-knell of the castle, and hence 
of Western military aristocratic feudalism. It would be tedious to enlarge on this 
here. In one single year (+1449) the artillery train of the King of France, mak- 
ing a tour of the castles still held by the English in Normandy, battered them 
down, one after another, at the rate of five a month.? Nor were the effects of 
gunpowder confined to the land. They also had profound influence at sea, for 
in due time they gave the death-blow to the multi-oared war galley of the 
Mediterranean, which was unable to provide sufficient space for the numer- 
ous heavy guns carried on the full-rigged ships of the North Sea and the At- 
lantic. Chinese influence on Europe even preceded gunpowder by a century or 
so, because the counter-weighted trebuchet, an Arabic improvement on the 
projectile-hurling device most characteristic of China (the phao!), was also most 
dangerous for even the stoutest castle walls. 

Here the contrast with China is particularly noteworthy. The basic character- 
istics of bureaucratic feudalism remained after five centuries of gunpowder 
weapons just about the same as they had been before the invention had de- 
veloped. The birth of this form of chemical warfare had occurred before the end 
of the Thang, but it did not find wide military use before the Wu Tai and Sung, 
and its real proving-grounds were the wars between the Sung empire, the Chin 
Tartars, and the Mongols, from the +11th to the -F 13th centuries. There are 
plenty of examples of its use by the forces of agrarian rebellions, and it was 
employed at sea as well as on land, in the siege of cities no less than in the field. 
But since there was no heavily armoured knightly cavalry in China, nor any 
aristocratic or manorial feudal castles either, the new weapon simply sup- 
plemented those which had been in use before, and produced no perceptible 
effect upon the age-old civil and military bureaucratic apparatus, which each 
new foreign conqueror had to take over and use in his turn, if he could. If he 


* An echo here of the Buddhist missionaries to the Hellenistic world, who came with ‘healing herbs, and yet 
more healing doctrine' (Vol. t, p. 177). 

^ Oman (1), vol. 2, pp. 226, 404. 

* Cf Guilmartin (1), pp. 39, 175. On this Gibson (2) is still well worth reading. 

4 Cf. Hollister-Short (1) for a look at all the machinery which developed from it in later times. 


' wu 


T 


30. THE GUNPOWDER EPIC 17 


could not, his dynasty would not last very long, and always the Confucian 
bureaucracy, with their more or less obedient military inferiors, were ready to 
sweep back and run the country as it had been run from the very beginning of 
the Empire. 

Finally, the sting in the tail, which shows once again how unstable Western 
medieval society was in comparison with that of China, is the foot- (or boot-) 
stirrup (éng!). As we shall see (Vol. 5, pt. 8 below), after many discussions involv- 
ing the nomadic Central Asian peoples, the conclusion now is that it was a Chinese 
invention, for tomb-figures of about +300 clearly show it,? and the first textual 
descriptions come from the following century (+477), about which time there 
are numerous representations, Korean as well as Chinese.’ Foot-stirrups did not 
appear in the West (or Byzantium) till the +8th century, but their sociological 
influence there was quite extraordinary.© The foot-stirrup welded the horse- 
man and the horse together, and applied animal-power to shock combat. Such 
riders, equipped with the spear or the heavy lance, and more and more en- 
veloped in metal armour, came in fact to constitute the familiar feudal chivalry 
of nearly ten European medieval centuries; that same body of knights which the 
Mongolian archers overcame on the field of Liegnitz. There is no need to 
stress all that the equipment of the knights had meant for the institution of 
medieval military aristocratic feudalism. Thus one can conclude that just as 
Chinese gunpowder helped to shatter this form of society at the end of the 
period, so Chinese stirrups had originally helped to set it up. But the mandarin- 
ate went on its way century after century unperturbed, and even at this very day 
the ideal of government by a non-hereditary, non-acquisitive, non-aristocratic 
élite holds sway among the thousand million people of the Chinese culture-area. 

The social effects of gunpowder have of course often been meditated. A great 
Victorian writer, H. T. Buckle,‘ saw its chief effect in 1857 as the professionalisa- 
tion of warfare. Gunpowder technology was complicated and difficult to handle, 
therefore there inevitably arose a separate military profession, and ultimately 
standing armies; no longer was every man potentially a soldier. Hence there 
occurred a reduction in the proportion of the population entirely devoted to war, 
with the result that more people were shunted into peaceful arts, techniques and 
employment, hence also a ‘diminution of the warlike spirit, by diminishing the 
number of persons for whom the practice of war was habitual’. Gunpowder 
technology was also expensive, more so than any individuals could 
afford, so only wealthy republics, or kings backed by merchants and endowed 


а See Kao Chih-Hsi, Liu Lien-Yin et al. (7); Yang Hung (1), p. 101 and figs. 31, no. 1, 81, no. 5; and 
Needham (47), pp. 268 f., pl. 20; and further in Vol. 5, pt. 8. The figures are mounted military bandsmen, 
from the Chhangsha tomb of a Chin general dating from +302, and it seems clear that their foot-stirrups were 
used primarily for mounting, because hanging at the front of the saddle on the left side only. 

© Lynn White (7), p. 15. © Ibid. pp. 28 ff. 

9 (1), vol. 1, pp. 185 ff. We are much indebted to Dr Elinor Shaffer for drawing our attention to his ideas. 
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with rich estates, could manufacture, own and operate musketry and artillery.” 
Hence the rise of what Buckle called the ‘middle intellectual class’, so that ‘the 
European mind, instead of being, as heretofore, solely occupied with either war 
or theology, now struck out into a middle path, and created those great branches 
of knowledge to which modern civilisation owes its origin’. 

‚ As a description of one aspect of the rise of the bourgeoisie this was all well 
said, but Victorian optimism erred only in the belief that the situation would 
last. It might have been better to note what Robert Boyle had said in his Useful- 
nesse of Experimental Natural Philosophy (1664). Speaking of ‘Engines so contriv'd, 
as to be capable of great Alterations from slight Causes’, he wrote:? 


The faint motion of a mans little finger upon a small piece of Iron that were no part ofan 
Engine, would produce no considerable Effect; but when a Musket is ready to be shot off, 
then such a Motion being applied to the Trigger by virtue of the contrivance of the 
Engin, the spring is immediately let loos, the Cock fals down, and knocks the Flint 
against the Steel, opens the Pan, strikes fire upon the Powder in it, which by the Touch- 
hole fires the Powder in the Barrel, and that with great noise throws out the ponderous 
Leaden bullet with violence enough to kill a Man at seven or eight hundred foot dis- 
tance, 


Thus a single touch could already mean life or death; and the touch would in 
time be open to everyone. It might have been wiser to foresee that science and 
technology would, as time went on, and by the very impetus of the industrial 
revolution itself, which Buckle so much admired," immensely improve, and 
enormously cheapen, the production of these lethal weapons, not only on the 
mechanical side but also on the chemical, producing a vast variety of explosives 
which would come within the reach of almost every man, whether dubbed ‘ter- 
rorist’ or 'freedom-fighter'. History has passed through a complete cycle, and 
alas, once again, ‘every man is potentially a soldier’. This is our plight today, 
and nothing but universal social and international justice will relieve it. 


ie) THE HISTORICAL LITERATURE 


(i) Primary sources 


The fundamental authorities for the gunpowder epic are the Chinese military 
compendia. The earliest mention of gunpowder in this genre of writing, and of 
fire-weapons depending upon it, can be found in the Wu Ching Tsung Yao! (Col- 


* Bernal (1), p. 238. b (B, pts p.247. 

* :iÍris-ttue, as Nef (1) has shown in a classical work, that the industrial revolution itself was connected with 
peacefiil development much more.than with war, and that large-scale factory production was only partially 
stimulated by military demands, but the trend towards ever greater cheapness, efficiency and abundance of 
lethal weapons was surely implicit in modern science and technology from the first, if uncontrolled by enlight- 
ened. world government. 
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lection of the Most Important Military Techniques), compiled under an order 
from the Sung emperor in +1040 and completed in the year +1044, under the 
editorship of Tséng Kung-Liang! with the assistance of the Astronomer-Royal 
Yang Wei-T&.* It is one of no less than 347 titles of military works listed in the 
bibliographical chapters of the Sung Shih’, but apart from some fragments of a 
few other similar works incorporated in the Yung Lo Ta Tien’, it is now, with the 
Hu Chhien Ching* (Tiger Seal Manual) written by Hsü Tung? in + 1004, the only 
substantial Sung military writing extant. 

Of course, the Wu Ching Tsung Yao was not the first military treatise to speak 
about attack bv fire. There is plenty about this in the ancient books on warfare, 
even though it mav still be debatable how far the incendiary arrow had de- 
veloped by the time of the Sux Tzu Ping Fat and the Mo Tzu.* But by the Thang 
period fire-arrows (Auo chien®, huo shih’) had become a commonplace, as appears 
from Li Chhüan's book Thai Pai Yin Ching (Manual of the White (and Gloomy) 
Planet), which we have already described (Vol. 5, pt. 6 above); the oldest of the 
military encyclopaedias still available. Dating trom +759, it contains no word 
on gunpowder or anything remotely like it. 

All the other important military compendia of the Sung are now lost. Among 
the works of the early Southern Sung were the Үй Chhien Chiin САМ Chi Mo? 
(imperial Specifications and Models for Army Equipment) of unknown au- 
thorship, the Wu Ching Shéng Lüeh? (Essence of the Five Military Classics, for 
Imperial Consultation) by Wang Shu", the Chung Hsi Pien Yung Ping!! (Military 
Practice on the Central and Western Fronts) by Fang Pao-Yuan™, and two 
other works both by anonymous writers, ic. the Tsao Chia Fa? (Treatise on 
Armour-Making) and the Tsao Shen Pei Kung Fa” (Treatise on the Making of the 
Strong Bow). The loss of the first of these books is particularly lamentable, as it 
would have filled the great gap between the Wu Ching Tsung Yao and the Huo 
Lung Ching. Another of the missing books mentioned in the Sung Shih, the Phao 
Ching? (Trebuchet Manual), would have been of much interest as it might have 
thrown light on the uses of gunpowder which led to the term ‘fre trebuchet (Auo 
phao 16,17 

The original text of the Wu Ching Tsung Yao was preserved in the Imperial 


> Who was responsible for the details on military prognostication in the Hou Chi; cL Franke (24), p- 195 
Ch. 207, pp. 3a-5a. Of course, many of those listed were pre-Sung. 
Sec also Arima (7); p. 28; and Wang Hsien-Chhen & Hsü Pao-Lin (2) 

5 "The texts are notoriously difficult, and commentators have had a variety of opinions. For translations, see 
Griffith (1), p. 141; L. Giles (11), рр. 151-2; Machell-Cox (1), р. so. 

*. Ch Yates {1}, pp. 1526. 

E Descriptions of fire-arrows occur in ch. 4 (ch. 35), p. 25 (ch. 38). p. 85, and ch. 5 (ch. 46). p. 85. There is 
much also-ón arcuballistae and webuchets. e.g. ch. 4 (ch. 35), pp. 14 f; and molten iron as a. weapon in sieges 
is mentioned in ch. 4 (ch. 35}, p. 4a. 
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Library (Chhung Wén Yuan). A limited number of hand-written copies of the 
compendium could have been made, because we read in the Sung Shih that in the 
year +1069 the emperor gave copies of several military compendia, one of which 
was the Wu Ching Tsung Yao, to Wang Ѕһао!. In the year +1126 the Sung capital 
fell and the Imperial Library lost all its books. Thus the original of the Wu Ching 
Tsung Yao disappeared, but a few copies still existed in different parts of China, 
though as it was a military text the book was not reproduced in large numbers 
for security reasons. But there was certainly an edition in +1231. During the 
Ming period the book was printed several times and in the + 18th century it was 
included in the Ssu Khu Chhüan Shu. At present there are the following editions: 

(a) A reprint of a Ming edition produced during the Hung-Chih and Chéng- 
Tê reign-periods (+1488 to +1521). A rare copy of this Ming edition, 
usually assigned to +1510, once belonged to the eminent archaeologist 
Chéng Chen-To? and from this it was reprinted at Shanghai in 1959. It is 
undoubtedly the most reliable version of the Wu Ching Tsung Yao still 
available to us, since it was made from blocks re-carved directly from 
tracings of the +1231 edition.* 

(b) The Chia-Ching (+1522 to +1566) edition. 

(с) The Wan-Li (+1573 to +1619) edition produced in Chhiian-chow’. 

(d) The Wan-Li (41573 to +1619) edition produced in Chin-ling* by 
Thang Hsin-Yün? and preserved in the Tsun-ching-ko*. 

(e) Another possibly Wan-Li edition produced in Shan-hsi-fu’ under the title 
Wu Ching Yao Lan? (Essential Readings in the most important Military 
Techniques). 

(f) Chhing edition produced by the Fu-chhun-thang? of Chin-ling and pre- 
served in the Tsun-ching-ko. 

(е) Chhing edition produced by the Ching-chia-thang”. 

(h) The SKCS Wén-su-ko edition. 

(i) The SKCS Wén-yuan-ko edition? reproduced at Shanghai, in 1934. 

The book consists of two collections, Chhien Chi"! and Hou Chi", the former 
being by far the more important, as it deals with all kinds of military equipment, 
weapons and machines, while the latter recounts stories of battles and combats, 
together with principles of strategy and tactics, drawn from history and tradi- 
tion. 

Besides all these editions, it is possible to find some curious partial printings 

of the Wu Ching Tsung Yao. In 1952 I purchased from a bookshop in the Liu-Li 
Chhang in Peking a copy of what seemed to be a very early edition of the book, 


? This is certain, if only from the Sung tabu characters which appear in it. And it has the colophon that 
Chao Wei-Thing wrote for it in +1231. 

^ A copy of this was presented to the East Asian History of Science Library, Cambridge, by the late Dr Kuo 
Mo-Jo and Dr Thao Méng-Ho on behalf of Academia Sinica in 1955. 
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with a preface of +1439, and I presented it to the library of Academia Sinica. In 
this peculiar version the first ten chapters of WCTY were replaced by two other 
books, the Hsing Chin Hsü Chih! (What an Army Commander in the Field should 
Know) written by an unknown author about +1260 but with a preface by Li 
Chin’, and the Pai Chan Chhi Fa? (Wonderful Methods for Victory in a Hundred 
Combats) of similar date and equally unknown authorship.* Then WCTY began 
suddenly in the middle of ch. 1 1, and omitted the second half of ch. 12, but apart 
from a few smaller gaps, the rest was apparently complete. Further investiga- 
tion? showed that Li Chin's preface applied only to the Hsing Chin Hsü Chih, and 
therefore that the +1439 date could not apply to WCTY; though the connection 
between the two books was quite close, since the +1510 edition of the latter had 
both the preface and the book about army commanders suffixed to it." More- 
over, what there was of the WCTY text and illustrations turned out to be identic- 
al with those of the +1510 edition. Then on the backs of some of the pages there 
are fragments of much later works, notably one by Hui Tung$ (+1697 to 
+1758). Therefore the whole thing must have been put together by some printer 
or book-dealer not earlier than his time, using miscellaneous old blocks and not 
caring too much whether they fitted together perfectly or not. So this version was 
a late jumble, and there was no edition of WCTY in +1439. 

According to the Ssu Khu Chhüan Shu Thi Yao, the compilers of the SKCS knew 
of only one version of the Wu Ching Tsung Tao. Unfortunately it seems that the 
+18th-century editors tampered mildly with the work in a feeble attempt to 
up-date the +11th-century material, adding two illustrations of metal-barrel 
cannon. These are, of course, gross anachronisms, easily betrayed, moreover, by 
the fact that no description of the weapons was inserted at the time when the 
drawings were added. Arima noted that these pictures do not appear in the Wu 
Ching Yao Гап. So in both the SKCS editions, there are illustrations of metal- 
barrel cannons, namely the ‘mobile gun-carriage’ (Asing phao chhé’) and the 
‘high-fronted cannon-cart’ (Asien chhé phao*).* It seems to us that the reason for 
their insertion at this particular place was because of the slanting mobile bridge 
equipment, carriages and scaling-ladders shown near by, and that put the edi- 
tors in mind of the frames or carriages of cannons also slanted for howitzer-style 
aiming. 

The ‘squatting-tiger cannon’ (Au tun phao?) arises here as a good example of the 


* But it has a preface written by Li Tsan* in +1504. These two books are interesting because the term huo 
thung?, ‘fire-tube’, appears several times in them, referring probably to fire-lances or eruptors, as we shall see 
(p. 230), but perhaps also to metal-barrel guns or bombards (p. 276). 

^ For part of which we are greatly indebted to the late Dr Féng Chia-Shéng in Peking. 

* Both these Sung books were generally appended to the Ming editions of WCTY, but neither has been 
reprinted in our own time, nor the Hou Chi of WCTY cither. 

3 (2), pp. бой. 

© WCTY/CC, ch. то, pp. 134, 135 respectively. We reserve the illustrations for Figs. 77, 79. 

f Goodrich & Féng (1), pp. 116-7 recognised the anachronism of these cannon, but thought that the 
pictures of trebuchets were also late, which was not the case. 
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way in which the thing changed fundamentally while the terminology did nor. 
The Ming edition of the Wu Ching Tsung Yao contains a diagram of a trebuchet 
under that name. On this Mao Yuan-I had the following to say in + 1698:^ 


The Sung people used the turntable trebuchet (Asian féng phao!), the single-pole tre- 
buchet (tan shao рћао?) and the squatting-tiger trebuchet (Au tun phao). They were all 
called ‘fire trebuchets’ (Aue phao?) because they were used to project fire-weapons like the 
(fire)-ball (Auo chhiu^), (fire)-falcon (huo yao”) and (fire)-lance (uo сапа). They were 
the ancestors of the cannon (phao chih lsu’) 


Thus the Au tun phao was at first a kind of trebuchet. Later on, perhaps about the 
middle of the + 14th century, when Chiao Үй* wrote the Huo Lung Ching, where 
it appears,’ the same name was given to another weapon, an early form of 
Chinese iron cannon, almost an eruptor, with many projectiles. In +1571 Chhi 
Chi-Kuang? described it again under the same name in his Lien Ping Shih Chi, 
Tsa Chi." 

'The version closest to the original Sung book of 1044 is, according to Arima 
(1), the Ming edition entitled Wu Ching Yao Lan, the only copy of which is pre- 
served in the library of the Bóei Daigakko'? Military Academy in Japan. How- 
ever, the +1310 edition (copying that of +1231) was not known when Arima 
wrote his book. 

A quite different genre of literature, which is nevertheless also of great impor- 
tance for the history of gunpowder weapons, is that which deals with what might 
be called practical poliorcetics: in other words, eye-witness accounts of some of 
the great sieges in Chinese history.' Here a few examples may suffice. From 
+1127 to +1132 Chhen Kuei" held the city of Té-an (half-way between the Huai 
and the Yangtze Rivers) for the Sung against the Jurchen Tartars. and after- 
wards he wrote a book about it entitled Shou Chhéng Lu? (Guide to the Defence 
of Cities). Later on, a military officer named Thang Тао? went through all the 
records again, and wrote another book on the same siege with the title Chien- Yen 
Té-an Shou Yü Lu” (Account of the Defence and Resistance of Té-an City in the 
Chien-Yen reign-period). Then in +1225 the two works were combined under 
Chhen Kuei’s title, Thang Tao's text becoming chs. 3 and 4.^ This was the book 


* Chrz p. 454. 

> Wy Pei Chik, ch. 122, p. 44; tr. auc. He took the lists directly from WCTY/CC, ch. 12, p. 50а (Ming ed.j. 

© As we shall see, the term Ашо chiieng (fire-lancej was normally used for flame-throwers filled with low- 
nitrate gunpowder, but it also occurs in names of rockets icf. e.g. Wu Pei Cath, ch. 1280 po. 164.174), and here 
it must. mean a projectile, presumably containing rocket composition and flaming at both open ends. 

4 In pr. 1, ch.2; p. за, Ё. * Ch. 5. pp. 19à-212. СЁ p. 277 and Fig. 75. 

* See the valuable discussion of H. Franke (24); and here; Vol. 5, pt. 8. 

* Thang Tao's book probably embodied one with the same title which had been produced by Liu Hsün'^ in 
жы Я 

^ Cf. Balazs & Hervouet (1), p. 237. There is a special study of the whole work by Mikami Yoshie (227). 
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which first gave a clear description of the Auo chhiang! or fire-lances, five-minute 
flame-throwers filled with rocket composition (low-nitrate powder); though we 
now believe that this weapon had been invented at a much earlier date. 

Then, very nearly a century later, a second celebrated siege occurred at the 
same place. In his Khai-Hsi Т?-ап Shou Chhéng Lu? (Account of the Defence of 
Тё-ап in the Khai-Hsi reign-period, +1206 to +1207), Wang Chih-Yuan’, son 
of the chief defender, Wang Yün-Chhu', gave the details of the action, in which 
the Jurchen Chin troops under Wanyen Khuang? had been unable to wrest the 
city from the Sung." This was in the war which had been precipitated by the 
Sung side's premier Han Tho-Chou*, a leader of the war party, and ће oppo- 
nent of the philosopher-politician Chu Hsi”. 

Next comes the Hsiang-yang Shou Chhéng Lu? (Account of the Defence of 
Hsiang-yang City) in the same campaign, and the same years, +1206 and 
+1207. This again held the city for the Sung against the Jurchen Chin," and 
should not be confused with the stil! more famous siege of +1268 to +1273 when 
it eventually fell to the Yuan Mongols. And as in the case of Té-an, the book was 
written by Chao Wan-Nien’, the son of the general commanding the defence, 
Chao Shun”. 

Finally, mention may be made of the Pao Yüeh Lu” (Defence of the City of 
Shao-hsing), due to Hsü Mien-Chih", which described the gallant defence of 


5; 


this fortified place by Lü Chen" (LG Kuo-Pao") for the cause of Chang Shih- 
Chhéng against the generally victorious troops of Chu Yuan-Chang? in 
+13589.“ By this time gunpowder is very much in evidence, and there is much 
on the 'fire-tubes' (Auo thung”) which by this time must have meant metal-barrel 
hand-guns and bombards.* All in all, this poliorcetic literature cannot be neg- 
lected in the study of the beginnings of gunpowder weapons and firearms. 

We know litde about writings on military matters published during the Mon- 
gol period. Sung Lien” and his colleagues did not include a bibliographical chap- 
ter when they compiled the official history of the Yuan Dynasty about +1367, 
nor did the Ssu Khu Chhüan Shu mention any work of this kind written during that 
period. But the Pu Liao Chin Yuan 1 Wên СЫ originated by Ni Tshan? and 


continued by Lu Wén-Chao" did list more than ten military books, among which 









negra translation has been published-- by Korinna Hana 





^ See Franke (24), p. 188. There is a valuable unpublished transtation of this book by H. Franke (23). The 
Ming siege army was commended by Hu Ta-Hai!$. 
^ After all, it was about seventy years after the rst known Chinese exampie and the textual evidence 


associated with it 
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there is one with the title Huo Lung Shen Chhi Thu Fa! (Fire-Drake Illustrated 
Technology of Magically (Efficacious) Weapons).? It has long been lost, but if it 
was the predecessor of, or the model for, the work entitled Huo Lung Ching?, 
which we shall have to discuss in detail on many following pages, it might well 
take the content of that back from +1412 by a whole century or even more, 
perhaps to the neighbourhood of +1270 or so. The paucity of military compen- 
dia during the reign of the Mongols might be accounted for either by their lack 
of interest in literary pursuits, or on the other hand a fear among the people of 
publishing anything that might arouse suspicion among the Mongols that pre- 
parations for a rebellion were going on. It is also quite possible, even likely, that 
new weapons were being designed in secret towards the later part of the Yuan 
Dynasty. Otherwise it is difficult to see why so many new fire-weapons suddenly 
emerged in early Ming. 

The next series of Chinese military compendia came indeed from that dynas- 
ty. The historians of the Ming Shih listed fifty-eight titles in the sub-section on 
military writings in the bibliographical chapters. However, their knowledge of 
military books in the period they were writing about could not have been very 
complete, because they omitted most of the titles on the subject given by Chiao 
Hsü? in the preface of his Huo Kung Chieh Yao* in +1643 (p. 310), in spite of 
having mentioned the same work in the Ming official history themselves. 

Chiao Hsü mentions three military books belonging to the early Ming period, 
namely the Huo Lung Ching? (Fire-Drake Manual), the Chih Shéng Lu$ (Records of 
the Rules for Victory), and the Wu Ti Chen Chhiian’ (Reliable Explanations of 
Invincibility). But the only military work of the early Ming still available to us is 
the first of these, the ‘Fire-Dragon Manual’. This book is especially important 
because it comes from the +14th century, while all the other Ming military texts 
still extant belong to the + 16th century. 

Many books and articles have been written on the development of gunpowder 
and firearms, but with the exception of Féng Chia-Shéng and Arima Seiho, no 
one seems to have referred to this interesting mid-14th-century book. It seems to 
have been practically unknown to all Western writers on the subject of fire- 
weapons or gunpowder. The version used by Arima (ғ) bears the title Wu Pei 
Huo Lung Ching?. There are several other different versions of the ‘Fire-Drake 
Manual’, but all are rare; for example, a modern catalogue of Chinese military 
books lists only one of them.” Since no one has yet made a comparison of the 
texts, it is necessary to go into this question in some detail. 


а The title is strange, because the expression shen chhi came to be applied specifically to metal-barrel guns 
and light cannon towards the end of the Ming, and it does not usually occur so early. But as we shall see (p. 
346), weapons using the propellant force of high-nitrate gunpowder did originate before the end of the Sung, so 
the terrn may have dropped out of use and been revived much later. Or some MSS may have been re-titled at a 
subsequent date. 

^ See Lu Ta-Chieh (7), p. 3. 
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In the course of visits to China during the past thirty-five years I succeeded in 
obtaining four different texts with a more or less similar title, Huo Lung Ching. 
These are as follows: 


(a) Huo Lung Ching (Fire-Drake Manual), printed from blocks preserved in 
Hsiang-yang, bearing the words ‘Hsiang-yang-fu tshang pan’’. It carries the 
running title Huo Chhi Thu? (Illustrations of Fire-arms) and by this it is 
often quoted; it contains no preface and does not give the year of publica- 
tion. It is attributed anachronistically to the + rd-century Captain- 
General of Shu, Chuko Liang"? and edited by two early Ming personali- 
ties, Liu СЫ? and Chiao Yu5, then re-edited by Li Thien-Chén® of 
Chhien-chiang’. The text includes quotations from Liu Chi? and Chiao 
үй. 

(b) Huo Lung Ching Chhüan Chi? (Fire-drake Manual іп One Complete 
Volume), the Nanyang version, bearing the words 'Nanyang shih-shih 
tshang рёт?. It contains a preface by Chiao Yü dated +1412, but gives no 
year of publication; otherwise its text is more or less similar to that of the 
Hsiang-yang-fu version. The anachronistic attribution to Chuko Liang 
(Chuko Wu-Hou”) is also prominent. The Toyo Bunko has a copy of this 
book under the simple title Huo Lung Ching. 

(c) Huo Lung Ching Erh Chi" (Fire-Drake Manual, Second Part), compiled by 
Mao Hsi-Ping" and carrying a preface by him written in the year 


a Often known by his other name, Chuko Khung-Ming.!6 His association with gunpowder weapons was а 
widespread folk tradition, and it misled all the early Western sinologists into believing that these were Han in 
origin. To say nothing of Amiot, Cibot, Gaubil and de Mailla, one may cite Grosier (1), vol. 7, pp. 176ff., 
Castellano & Campbell-Thompson tr., pp. 105 ff.; and Williams (1), vol. 2, pp. 89 ff. 

> The appearance of Liu Chi (+1311 to +1375) here is of great interest, for he was a striking personality, of 
remarkable qualities both civil and military. In philosophy he was a sceptical naturalist, interested in all kinds 
of science and proto-science—astronomy, the calendar, magnetism and geomancy—and a friend of the emi- 
nent mathematician and alchemist Chao Yu-Chhin¥ (cf. Vol. 5, pt. 3, p. 206). But he was also concerned with 
administration, and for long an adviser to the first Ming emperor. In war he commanded at battles both on 
land and afloat, having in one instance (+1363) his flagship destroyed by a ‘flying shot’ ( fei phao!^) just after 
he had transferred to another vessel (Ming Shih, ch. 128, p. 6a, Forke (9), p. 307). Thunder was simply, Liu Chi 
said in one place, ‘like fire shot from a phao ( уи huo chih chhu phao!5)', (Chung Thai (г), vol. 2, p. 79). These may 
just have been references to trebuchets and explosive bombs thrown from them, but by this time, the mid 
* 14th century, it is really much more likely that metal-barrel cannon were meant. 

Already in Vol. 1, p. 142, we surmised that gunpowder firearms played a particularly important part in the 
triumph of Chu Yuan-Chang and the founding of the Ming dynasty; the present Section not only confirms 
what we then wrote, but goes a long way beyond it. Unfortunately, Liu Chi's biography (Ming Shih, ch. 128, 
pp. 1af.) is on the whole purely political, with only incidental references to his scientific and technological 
interests. Among these, gunnery must certainly have been one. The best authority on him was Chung Thai (7), 
whose book was much used for the account in Forke (9), pp. 306 ff. 

Liu Chi was the sort of man who could successfully conjure a change in the wind just when the commander- 
in-chief needed it. This desideratum was not available to all Shakespearean armies, although in the play of 
Shaw success attends the prayers of St Joan. Cf. Dreyer (2), pp. 228, 359; Chhen Ho-Lin (1). 

© This text was afterwards reprinted, sometimes in condensed form, as by the Wên Hui Thang!" towards 
the end of the nineteenth century. 
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+ 1632.* Its text differs widely from the First Part in the Hsiangvang-fu! 
and the Nanyang? versions. It talks about the bird-beak musket, niao chhung?, 
and the /o-/ang chi* breech-loading cannon,” which do not appear at all in 
the first two texts. Its sections on the "making of fire-weapons’ and the 
‘testing of fire-weapons’ are somewhat similar to the corresponding sec- 
tions in the Wu Pei СМА.“ 

The Toyo Bunko possesses a copy of this book under the title Huo Lung 
Ching. 

(d) Huo Lung Ching San Chi? (Fire-Drake Manual, Third Part), another 
Nanyang publication bearing the words ‘Nanyang Lung-chung chen tshang" . 
It was compiled by one Chuko Kuang-Tung?. It gives no year of publica- 
tion, but it cannot have been written before the early -- 17th century since 
it quotes Mao Yuan-T, the author of the Wu Pei Chih. Again its text differs 
widely from the Hsiang-yang-fu and Nanyang versions of Pt. t. A copy of 
this book also is in the Toyó Bunko. 

(e) Huo Kung Pei Yao? (Essential Knowledge for the Making of Gunpowder 
Weapons), reprinted in the year 1884 and bearing the words 'Tun Huai 
Shu Wu Chhung chien" showing that it derived from earlier blocks. It car- 
ries the preface by Chhiao Yü, and its text is similar to those in the 
Hsiang-yang-fu and the Nanyang versions of Pt. 1. 

(f) Lastly comes the version of the ‘Fire-Drake Manual’ used by Arima (7) 
and entitled Wu Pei Huo Lung Ching". It was produced in 1857 from an 
earlier first impression, bearing the words ‘Pao Phu Shan Fang hsin hsien' 3; 
and it carries the preface by Chiao Yü. It appears that this book is avail- 
able only in Japan, in the Boei Daigakko" Military Academy." 


Hence there are at least three different portions of Chiao Yü's ‘Fire-Drake 
Manual", The work should indeed be considered a main nucleus with two supp- 
lements, summarising the development of successive gunpowder weapons after 
about +1280. Chiao Yü had been, as we shall see, a leading artillery officer in 
the army of Chu Yuan-Chang which finally conquered China for the Ming in 
+1367. Arima noticed that the Wu Pei Huo Lung Ching contains later additions, 


^ Mao Hsi-Ping is quoted in the Wu Pei Chih, ch. i17. p. 114, b 

» CE Reid (1), pp. 12-15. 

* But there is a mention of niao chhiangs, i.e: bird-(beak fire-jlances. in Pt. ro ch, i1. p. tto, in connection 
with poisonous smoke attacks (wu {7 шие). Either this was à later interpolation, or the ‘hird-beak’ epithet 
applied toa fire-lance before it applied to a trie gun. 

Ch. 1, p. 248, p. 26b and p. 274 resemble Wa Pei СЫЙ, ch. 119. p. 45 to p. ба. 

* One of us (Н. P. У.) obtained a photocopy of this text through the courtesy of this institution. For a 
preliminary report see Ho Ping-Ya & Wang Ling (:). All the others are in the East Asian History of Science 
Library at Cambridge, and the University Library has a copy of (¢). They have been indispensable sources for 
the account which here follows. 
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for example, not only the Portuguese fo-lang chi breech-loading cannon, known 
and used in China from about +1510; but also the Japanese arquebus, known to 
the Chinese as the ‘bird-beak gun’ or niao chhung musket, which was not intro- 
duced to China via Japan until +1548. Hence this part of the 'Fire-Drake 
Manual could not have been compiled before the middle of the +16th century. 
It was precisely because of the inclusion of these muskets and cannon in the text 
which he happened to come across that Féng Chia-Shéng did not at first think 
much of the Huo Lung Ching.* Indeed the Wu Pei Huo Lung Ching must be later 
than +1628 because it mentions the Wu Pei Chih in several places. However, 
Arima rightly believed that the original text must have come from about the 
middle of the +i4th century, especially the preface by Chiao Yu, which in- 
cludes, as we shall see, a reference to events of +1355 in which he himself par- 
ücipated. Obviously there were many later additions to the text. 

Chiao Үй himself manufactured firearms for the first Ming emperor during 
the middle of the -- 14th century, апа he was eventually put in charge of the 
Shen Chi Ying! armoury, where all the guns and artillery were deposited and 
kept secret. Although the Ming dynastic history does not contain his biography, 
Chiao Yü is mentioned in Chao Shih-Chén's? Shen Chhi Phu) (+1598) and 
Chiao Hsü's! Tsé Kho Lu? (otherwise known as Huo Kung Chhieh Yao*) of the 
year +1643.” His name is also referred to by Ho Ju-Pin” in the Ping Lu? in 
+1606. Arima (ғ) concluded that much of the text of the ‘Fire-Drake Manual 
must have been written by Chiao Yü in the middle of the + : 4th century. This is 
of great importance when one remembers the key date of +1327 for the first 
picture of a bombard in Europe. 

In the Preface Chiao Yü says that there were no firearms during Han times, 
but Chuko Liang" (in the +3rd century) met an extraordinary person who re- 
vealed to him the secrets of attacking with fire. Chiao himself met an adept 
named Chih-Chih Tao-Jen", who told him to support Chu Yuan-Chang", and 
gave him a book on fire-weapons and their uses. Chiao Yü presented to Chu 
Yuan-Chang several fire-weapons which he had cast according to his teacher's 
instructions. Chu ordered Hsü Ta" to prove them, and himself watched the 
tests; which pleased. him much. After the conquest of the Mongols standard 
gunpowder factories were established in the capital, and arsenals were made to 
keep the ‘magical weapons’. Thus gunpowder weapons were an important factor 
in the rise to imperial power of Chu Yuan-Chang. 


“ Private correspondence with Dr Féng, See аіѕо pp. 440ff. below. 

5 Inthe biographical section on meritorious officials in the Ming Shih, there is a man named Chiao Cha’, He 
is the only. person to be found bearing the title Tung-Ning Pot! (Count of Tung-ning), an appellation which 
Chiao Үй also. bore, so it must have beer the same family, and perhaps Chiao Cha was the gunner’s father or 
grandfather, On Chiao Үз life and writings there isan interesting study by Chhéng Tung (2). 
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28 30. MILITARY TECHNOLOGY 
We translate the Preface in full as follows:? 


In the days of old when the Yellow Emperor fought the battle at Cho-lu!, he had Féng 
Нои? as his teacher; when Үй? the Great waged war on the San Miao’ (tribes) he had Po 
T! as his teacher; at the battle of Ming-thiao® Chhéng Thang’ had a teacher in I Yin’, 
and during his invasion of Mu-yeh? (King) Wu Wang" had a teacher in Li Wang!!, 
Such was the beginning of military tactics. When both sides have equal strength one side 
can win if it has superior virtue: in the case of equal virtue the righteous (i!) side will 
win.” (The ancient victors) resonated with the mandate of Heaven above, and abided by 
the will of the people below. Then when it came to the Spring-and-Autumn period there 
were struggles among the Five Hegemons, and during the time of the Warring States the 
Seven Powers waged war among themselves, endangering the lives of the people—there 
was hardly a single day of peace. Yet we learn no details concerning the deployment of 
fire in battle.* Then, with Chang Liang! as his teacher, the (Han emperor) Kao Tsu! 
fought at the battle of Ssu-shang®, brought about the doom of Hsiang (Үй!) and found 
ed the empire (of Han). (The emperor) Kuang Wu (-Ti) began his campaign at 
Khun-yang with Téng Үй!? as his teacher, and suppressed (Wang) Mang” to restore 
the dynasty of Han. But again, nothing concerning fire-weapons (in those days) has 
been heard of. 

When it came to the time of the Three Kingdoms we saw the rise of many tactician- 
advisers and great soldiers. Tshao Tshao*! with villainous might controlled the central 
part of the empire, while Sun Chhüan?, inheriting from his father and elder brother, 
firmly occupied the eastern part of the empire around the Yangtze River. No one else 
could match their power. At that time, when the ‘Crouching Dragon’ (i.e. Chuko 
Liang”) was farming in Nanyang, without any desire to seek fame, he met an extra- 
ordinary man who secretly taught him the use of fire in warfare and the tactics of battle 
formations. Then, touched by the sincerity of the First Ruler (of the Shu Нап? King- 
dom, i.e. Liu Pei”), who thrice visited him, he exerted every ounce of his strength to 
serve him. He set the military farms ablaze in Po-wang”®; he deployed his troops at 
Chhih-pi?; and he burnt (the soldiers of Méng Huo” by setting бге to) the rattan 
armour (worn by them). He attacked Shang-fang” and led an expedition beyond the 
Chhi-shan?? mountains. All this resulted in a partition of the Empire into three King- 
doms. 

(Chuko Liang) won every battle that he fought. His tactics baffled his enemies morc 
and more, frightening Tshao Tshao out of his wits, and Sun Chhüan too. Incendiary 
techniques in warfare reached perfection in the hands of Khung-Ming” (Chuko Liang). 
As for his mine-setting® in (the Battle of) Hu-lu-ku? valley, both Ssuma (I? and Ssuma 


* From the Huo Kung Pei Yao version of the ‘Fire-Drake Manual’; tr.auct. 

> The word ‘virtue’ here can also be interpreted as ‘element’, in which case the Law of Mutual Conquest 
comes into play. See Vol. 2, p. 256. 

* This suggests that Chiao Yü had little literary learning, or he would hardly have ignored the Sun Tzu Ping 
Fa here, Yet later he indirectly quotes the Shih Chi about Chao Shé and Chao Kua. 

4 This is another reference to the unacceptable tradition that Chuko Liang knew of gunpowder in the +3rd 
century, and used it to make land-mines. 
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Chao), father and son, would have been burnt to ashes if it had not been for an (unex- 
pected) sudden downpour of heavy rain. (It was mainly due to his efforts that) people 
were prevented from forgetting the Han (Dynasty) completely. If it had not been for the 
will of Heaven that the empire should be divided into three (kingdoms), he could easily 
have marched his army right through, and brought about a re-unification of the Empire. 
At that time, if it had not been for the fire-weapons of Khung-Ming, even though the 
Shu Kingdom had the famous Five Tiger Generals, the Wu and Wei Kingdoms, each 
with their own strengths, might not necessarily have feared the Shu Kingdom as a verit- 
able tiger.? Hence to be invincible nothing excels the expertise of using fire-weapons. 

As for fire-weapons, there are those used only for combat, those that are set buried in 
the ground, those used only for attack, those used for defence, those used only on land, 
those used on water, and finally those used on city-walls. For charging and annihilating 
the enemy the fire must be intense and the weapons far-reaching. For sniping at enemy 
camps, and producing chaos among the enemy, the fire must be far-reaching and the 
weapons sharp. For guarding a city-wall and holding a fort, the fire must be strong and 
the weapons heavy. Those that fly overhead are called ‘heavenly thunder’ (thien lei?) (i.e. 
projectiles from bombards, or grenades and bombs hurled by trebuchets); those that are 
buried in the ground are called ‘earthly thunder’ (ti lei?) (i.e. mines); those that are set 
off in water are called “water thunder" (shui lei’); and finally those carried as weapons 
by the soldiers themselves are called ‘human thunder’ (jen lei) (i.e. hand-guns and 
arquebuses). How fierce these weapons are depends on the nature of the fire, while the 
intensity and direction of the fire depend on the wind. When used openly they should be 
set off just at the right moment, and when they are used secretly they should be set to 
explode at a precisely predetermined time. The very existence or destruction of the 
Empire, and the lives of the whole armed forces depend on the exact timing of these 
weapons. This is what fire-weapons are all about. 

From my early days onwards I read the Confucian classics, and studied books on 
military affairs. I roamed about the whole country, hoping to meet someone who had 
acquired the Tao. One day, when I was travelling in the Thien-thai!! mountains, I came 
across a Taoist wearing a yellow cap and a black robe, with blue-green eyes and a grey 
beard, humming and dancing under a pine-tree. I approached and bowed to him. With 
his gown fluttering in the wind, he gave me the impression of being truly one of the holy 
immortals. Clearing a space on a great rock, I sat together with him, and tried to find 
out what he knew. (I discovered that) in the arts (he took) Confucius and Mencius as his 
teachers, but in military affairs (he had) inherited (the skill of) Sun Wu; above, he had 
exhausted the knowledge of the stars and asterisms, below, he could distinguish between 
all the different mountains and streams. I paid homage and kowtowed to him asking him 
to be my teacher. Later, we travelled the four quarters together, for three years. He 
styled himself Chih-Chih Tao-Jen? (the ‘Knowing-when-to-stop Taoist’)? and never 
spoke about his personal name or surname. One day we visited the Shéng Chen Yuan 
Hua Tung Thien" cave‘ in the Wu-i mountains, and he looked at me, saying: ‘When I 


а The ‘Five Tiger Generals of the Shu Kingdom’ were Kuan Yi?, Chang Fei?, Chao Yiin*, Ma Chhao? and 
Huang Chung$. 

^ Cf. Vol. 2, p. 566. We assume that Chih-Chih!6 was intended. 

€ ‘Rising to the truths of universal change.’ 
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was only twelve I passed the junior examination, but later 1 acquired the mysterious 
Tao (of the immortals). Already many years ago I lost interest in all worldly fame (and 
the life of an official). However, my own teacher in great confidence gave me a book, the 
use of which will help a man to express by action his loyalty to the emperor, and render 
service to his country, to administer the realm and bring peace to the people, and to 
establish himself and put the Tao into practice. I cannot bear to keep this secret, and now 
Į wish to impart it to you. At this present time (according to all divination) both heaven 
and earth are blocked, and the reigning emperor's mind is tired and muddled. But in a 
few years a new emperor will arise in the Huai Valley. Go and help him to accomplish 
the meritorious task (of founding a new dynasty), and do not disappoint me.' I saluted 
him over and over again, and on looking at the book I found that it was devoted to the 
deployment of fire-weapons in warfare. Three days later we came out of the mountains, 
and having said good-bye, 1 walked away a distance of less than a hundred paces, then 
when I glanced back towards him, I saw only cloud and mist among the trees of the 
forest. I did not know where he had gone. 

During an i-wei year, the 15th of the Chih- -Chéng reign-period (+1355) the sage- 
founder of our (dynasty), emperor Kao Huang Тї!“ took command in Ho-chou’. Cross- 
ing the Yangtze he captured Tshai-shih? and Thai- hing*.? At that time Han Lin-Erh? 
and Han Shan-Thung were occupying Hao-chou’, Pien(-chou)? and Liang(-chou); 
Chhen Yu-Liang! was controlling Hu-kuang'*: апа Liu I? was in charge of Liao- 
yang’®, Meanwhile, Chang Shih-Chhéng"? occupied Western Chê: Mao Kuei!® held 
the left side of (Thai-)Shan (mountain), Fang Kuo-Chen'? had Eastern Chê, Wang 
Ming” governed Szechuan, Chhen Yu-Ting*! Fukien and Li Ssu-Chhi? Kuangtung.' 
Bandits such as these came out like bees (from their hives) assuming false titles of kings 
and rulers to sub-divide (the empire).* 

Accordingly, following the methods (taught by) my teacher, I cast several types of 
fire-weapons (Auo chhi®)” and presented them (to the founding emperor of our Ming 
dynasty). The emperor ordered Най Ta™ (+1372 to +1395). a leading general, to test 
ета. They were found to behave like flying dragons, able to penetrate several layers 


> The пате Kao was not assumed until +1398, but Thai Tsu is meant. 

^ Chu. Yuan-Chang!! joined the service of Kuo Tzu-Hsing"? in +1952. In +1355 he was given charge of the 
army after the capture-of Ho-chou: The same year Kuo Tzu-Hsing died, and Han Lin-Erh,.a son of Han 
Shan-Thung, stepped in and was made king of Sung at Hao-chou. Dissatisfied with the development of events, 
Chu Yuan-Chang led his followers across the Yangtze and captured first Tshai-Shih and then Thai-phing. He 
established himself at the latter place and made himself commanding general (Yuan Shuai!) of the revolu- 
tionary forces, still under the flag of Sung. See Ming Shih, ch. г, pp. 2af. and ch. 122, all on Kuo Tzu-Hsing 
and Han Lin-Erh. 

5 Опе of the twelve administrative provinces daring the time of the Yuan dvnasty, comprising ihe greater 
parts of modern Hunan, Kuangsi and Kueichow provinces, 

+ We shall meet this would-be ruler again in connection with the casting of iron cannon which are stil 
preserved (p. 298 below). 

Modern Chekiang and parts of Kiangsu, Anhwei, Kiangst and Fukien provinces 

t: See Goodrich & Fang Chao-Ying (1), vol. i; pp. 485—588 for Han Lin-Erh, BER 185-8 for Chhen Yu- 
Liang, pp. 99-103 for Chang Shih- -Chheng, and pp. 433-5 for Fang Kuo-Chen. 

*. For some idea of the-affairs-of these contending warlords, see Dreyer (2). pp. 303 f; Dardess (1). 

^ Instead of sue chhi, the Wu Pei Huo Lung Ching says kuo iung санала? (fire-dragon lances). 

' See Goodrich & Fang Chao-Ying (1), vol. 1, pp. 602-8, for a biography of Hsi Ta. 
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of armour. The emperor Thai Tsu was delighted at the result, and said, "With these 
types of fire-weapons I shall be able to conquer the whole empire as easily as turning the 
palms of one's hands upside down. When we have accomplished this, 1 shall bestow 
upon you high honour as a Founding Officer of the Empire.’ 

From then on in one expedition we captured Ching(-chou) and Hsiang(-chou), and in 
another we took (the administrative provinces of} Chiang and Ché, while in a third 
Fukien and all its surrounding waters surrendered.* In a fourth campaign we stormed 
the whole of Chhi (i.e. Shantung). We also annihilated (Chhen) Yü-Liang and took the 
whole region of Chhin, Chin, Yen and Chao.* The Mongolian barbarians fled to the 
north and our capital was established at Chin-ling (Nanking). (Thus Thai-Tsu) re- 
unified the whole empire, and began reigning over a new dynasty that will last for 
thousands of vears. In the capital he set up a Gunpowder Department (huo yao chi) for 
the manufacture of the explosive, and an Armoury (nei khu?) for storing the magically 
effective weapons (shen chhi?). Such was the attention our first sage-emperor paid to 
military matters. 

The types of fire-weapons (made for the emperor}, however, did not fully represent all 
the secrets passed on to me by the holy immortal. The sacred accomplishments and 
military exploits (of our first emperor) should ensure peace in the Empire for ten 
thousand generations. Yet in order to safeguard it one must not forget in time of peace 
about protection against dangers. Lest these fire-weapon techniques might be lost during 
a long period (of peace), I have endeavoured to illustrate them in diagrams, and de- 
scribe them accordingly in writing, for the benefit of soldiers and tacticians who will 
serve our country as loyal subjects ready to die for its cause. They will be able to appreci- 
ate the immeasurable (applications) of the secrets handed down by the holy immortal 
(and the rare opportunity that I, their predecessor, enjoyed). It is not easy to meet an 
emperor and to become Master of his Ordnance. I fervently hope that none will be like 
Chao Khua', who only read his father’s writings (but failed badly when he tried to put 
them into practice).? (May the reader) bear this in mind. 

Preface (written during the) 10th year of the Yung-Lo reign-period (+1412) by the 
Count of Tung-ning), Chiao Y ü*. 

One or two aai problems arise out of the versions of the *Fire-Drake 
Manual’ that Arima (7) did not sec. In the preface of the Wu Pei Huo Lung Ching 
itis stated that Chiao Yü himself made for the first Ming emperor a huo lung 


> Ching-chou and Hsiang-chou referred to the territory formerly occupied by the state of Chhu in the 
ing-and-Autumn Period. including the modern provinces of Hupei and Hunan and portions of Honan, 
ei and other provinces. The occupation of these regions by the Ming army occurred in the years +1364 
and +1365 under the able commanders Hsit Ta and Chhang Yü-Chhun. See Ming Shih, m. i, p. 11a to p. 125. 
Fakien surrendered to the forces of Chu Yuan-Chang in +1361. See Ming Shih, ch. 1, p: 7 
? The Ming Shit, ch. 2, p. 14, says: ‘On a Kuei-mao day in the second mouth of the Bud E of the Hung-Wu 
reign-period (20 Febuar +1368} [e hang Yü-Chhuu captured Tung-chhang and thus conquered Shantung.^ 
ie. roughly the whole of Shensi, Shansi, Honan, arid Hopei provinces. Chhen Yu-Liang was killed by a 
ray arrow on 3 October +1363 during a battle against the Ming fleet, Sec Ming Shik ch. 123, p. 44; Dreyer 
(2). р. 238. 

* Chao Khua was a military commander of the State of Chao in the ~ зг century. In his youth he talked зо 
much about military matters that he worried his father Chao She", who had previously led an army of Chao 
State to rescue the State of Han which was under attack from the Chhin army. However, when it later Came to 
Chao Khux's tura to face the Chhin invaders, he was siain and his whole army annihilated by Pai Cht 
Shih Chi ch, 81. pp. 55 E; tc. Rierman (11, pp. 31 © 
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chhiang! (fire-drake spear or lance), which Arima believed was the earliest form 
of the musket or arquebus. But this weapon is not mentioned anywhere in the 
text of the Wu Pei Huo Lung Ching. Arima thought that it had been purposely left 
out because of the highly secret nature of the weapon, one which writers of later 
military compendia like the Shen Chhi Phu and Tsé Kho Lu of course knew well. 
But the term Auo lung chhiang does not appear in the preface in any of the other 
versions. The preface in the Nanyang edition and that in the Huo Kung Pei Yao 
both use the term huo chhi? (fire-weapons). So this evidence by itself will not 
establish the existence of the arquebus or musket in +1355, even though it may 
perhaps have been known to Chiao Yü.* 

There is room for some speculation about the oldest version of the Huo Lung 
Ching. A few pages earlier we mentioned the Huo Lung Shen САМ Thu Fæ (Fire- 
Drake Illustrated Technology of Magically (Efficacious) Weapons) which Lu 
Wén-Chao listed in his completion of the Yuan bibliography," and if this went 
back to the beginning of the dynasty it could mean about +1280. Another work, 
the Huo Lung Wan Shéng Shen Yao Thu‘ (Illustrated Fire-Drake Technology for a 
Myriad Victories using the Magically (Efficacious) Gunpowder)* is known only 
by title from Chhien Tséng's? Tu Shu Min Chhiu Chi$ catalogue of Sung and Yuan 
editions finished in + 1684, but it must have belonged to the same family of texts. 
Most interesting is the Huo Lung Shen Chhi Yao Fa Pien! (Fire-Drake Book of 
Magically (Efficacious) Weapons, with the Method of Making Gunpowder), 
which exists as an anonymous MS. in the library of the History of Science Insti- 
tute of Academia Sinica at Peking. This has illustrations similar to those in the 
printed Huo Lung Ching editions, but more delicate and precise. Its relationship 
to these has not yet been elucidated, but perhaps further study will establish it as 
a Yuan work or an early copy of one. 

Under the Chhing, the Huo Lung Ching, like the Wu Pei Chih, was of course for 
centuries a prohibited book. It is full of expressions such as ‘northern barba- 
rians’ (pei i 10%), which would have made it impossible to reprint under the 
Manchu rule. Only when the Ming period had receded so far into the past that it 
had no contemporary relevance at all was it possible to give the book historical 
study and bring out new editions of it. 

But perhaps the most interesting feature about it was that it was distinctly 
earlier than any component of the Büchsenmeisterei* literature of Europe. From 
the Master-gunners of the West hardly anything has come down to us before 


^ [f so, it must have been in one of its most primitive and archaic forms, hardly distinguishable from the 
hand-guns of the beginning of the century. 

> Cf. Lu Ta-Chieh (1), p. 108. 

* Lu Ta-Chieh (7), p. 169. 

4 We had the opportunity of examining it briefly in September 1981. 

* The word 'Büchse' probably came from рух or pixis, a tubular container (cf. Partington (5), p. 116). 
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+1400, though it is reasonable to place Chiao Yü's composition between +1360 
and +1375, even though it was not first printed till +1412. The nearest 
approach to this is an untitled manuscript of about + 1395.* Then comes the 
well-known Bellifortis of Konrad Kyeser, dating from +1405.” After that the 
European artillerists wrote and limned copiously; the book of the Anonymous 
Hussite engineer and that of Giovanni da Fontana both came about +1430.° 
Many interesting works, still in manuscript, followed—a Streydtbuch in + 1435, a 
Feuerwerkbuch in +1437,° the Kunst aus Büchsen ... in +1471, апа a similar treatise 
in 1496.5 Meanwhile there was the Mittelalterliche Hausbuch, often previously 
referred to, in -- 1480.^ We need not pursue this literature further here, but the 
fact is that those who towards the end of the +14th century in Europe began to 
write down what they knew about bombards, hand-guns, ribaudequins and 
gunpowder, had all been preceded by Chu Yuan-Chang's Master of Ordnance 
from +1355 onwards. 

After the Huo Lung Ching there came about a dozen books on military affairs 
which touch on firearms to a varying extent, from the first half of the +16th to 
the first half of the +17th century. One of the earliest among them is the Wu 
Pien! (Military Compendium) by Thang Shun-Chih? (+1507 to +1560).! It was 
included in the Ssu Khu Chhüan Shu collection, but the author is criticised by its 
bibliographers as being too bookish, for he met with disastrous results when he 
led an army against the Japanese wo-khow pirates who raided the Chinese coast 
during his time/ He had to be rescued by Hu Tsung-Hsien in +1559. We do not 
know the exact date of the Wu Pien, though we can infer that it must be some 
time between +1548 and +1558, since Thang Shun-Chih mentions the ‘bird- 
beaked gun' which was first introduced to China from Japan in the former year. 

About +1561 Chéng Jo-Tséng* wrote the Chhou Hai Thu Pien? (Illustrated 
Seaboard Strategy and Tactics). There are five different editions of this book, 
one of which was published by the grandsons of Hu Tsung-Hsien®, who dropped 
Chéng's name.* Then came the Chiang-nan Ching Lüeh! (Military Strategies in 
Chiang-nan), again written by Chéng Jo-Tséng in +1566. The next writer of 


a Partington (5), p. 144. Munich, Cod. Germ. боо. The drawings are very crude. 

> Cf. Vol. 4, pt. 2, p. 113 and s.v. Many of the manuscripts mentioned in this paragraph were the subjects of 
three classical papers by Berthelot (4, 5, 6). On Kyeser and gunpowder see Partington (5), pp. 146 f. 

* Cf. Vol. 4, pt. 2, p. 82 and passim for the Hussite. Partington (5) describes both works, the former on 
p- 144, the latter on pp. 160 ff. 

4 Strepdtbuch von Pixen, Kriegsrüstung, Sturmzeuch und Feuerwerckh, the writer of which is not known. Partington 
(5), Р. 159- 

* Partington (5), p. 152, Hassenstein (1). 

© Kunst aus Büchsen zu Schiessen; this was by Martin Mercz. Cf. Partington (5), p. 159. 

= Buch der Stryt und Büchsse; this was by Philip Monch. Cf. Partington, (5), p. 160. 

^ Cf. Vol. 4, pt. 2, p. 216 and s.v. 

* Thang Shun-Chih was also the author of a book on geometry, the Kou Ku Téng Liu Lun? (Six Discourses on 
the Base and Vertical Side of Right-Angled Triangles). See Ming Shih, ch. 96, p. 234. 

J SKCS/TMTY, ch. 99, p. 42b. 

* Hence Hu Tsung-Hsien has sometimes been mistaken as the author. See W. Franke (4), p. 224. On his 
campaigns against the allied Chinese-Japanese marauders in +1556 see the interesting study of Hucker (5). 
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importance was the famous Ming general Chhi Chi-Kuang! (+1528 to 4 1587); 
who wrote the Lien Ping Shih Chi? (Treatise on Military Training) in t1571, 
and the Chi Hsiao Hsin Shu? (New Treatise on Military and Naval Efficiency), c. 
+1575. These two are valuable books for the study of Chinese firearms,* but 
they have received less attention than the Wu Pei Chih? (Treatise on Armament 
Technology), though they preceded the latter by half a century.? Another book 
of Chhi Chi-Kuang’s was the Wu Pei Hsin Shu* (New Book on Armament Tech- 
nology). Ali these three military works of Chhi were included in the Ssu Khu 
Chhiian Shu collection. Similarly incorporated was the Chen Chi! (Records of 
Battle Arrays), written in +1591 by Ho Liang-Chhen?; it gives а long list of 
firearms. 

Before the end of the century came two further military works, namely the 
Shen Chhi Phu? (Treatise on Magically (Efficacious) Weapons), i.e. firearms, writ- 
ten by Chao Shih-Chén" in +1598;° and the Téng Than Pi Chiu (Knowledge 
Necessary for Army Commanders), written by Wang Ming-Hao" in + 1599. 
Wang was also the editor of another military book, the Ping Fa Pai Chan Ching? 
(Manual of Military Strategy for a Hundred Battles). A multitude of fire- 
weapons and firearms, too, are illustrated and described in the Ping Li? (Records 
of Military Art) that Ho fu-Pin" wrote in +1606. This work describes the 
theory of the gunpowder formula in great detail, treating it like a medical pre- 
scription by regarding saltpetre and sulphur as the ‘sovereign’ (chin) compo- 
nents, carbon as ‘minister’ (chhen™®), and other substances added to the mixture 
as the ‘adjutants’ (¢so!”)." In +1607 came the Chiu Ming Shu? (Book on Saving 
the Situation) written by Lü Khun” 

Probably the most comprehensive Chinese military compendium ever written 
was the Wu Pei Chih (Treatise on Armament Technology) in 240 chapters, 
completed by Mao Yuan-P* in + 1628/ He also wrote an interesting Huo Yao Fu” 


а Perhaps the best biography of him in a Western language, absorbing reading, is chat of Huang Jen-Yü (5), 
pp. 1598. 

^ Tt had a second part, almost as long, the Lien Ping Shih Chi, Tsa Chi" 

< Partial translations асе contained in the special study of Chhi Chi-Kuang by Werhahn-Mees (1). 

4 For example, the section in the Wu Pei Chik on the niao tjui chhung musket in ch. 124 ìs bur a repetition of 
the Chi Hsiso Hsin Shu. 

* It also had a supplement, the Shen Chhi Phu Huo Wêr. * бее W. Franke (4), p. 208. 

3 "Three chapters.of the work (11 to 13) are devoted to this subject. 

^ Gf our account of the classification of drags in the Shen Nung Pêr Tshao Ching in Sect. 38 (Vol. 6, pr. т). On 
the theory of gunpowder explosives, see p. 163 below. 

| Tewasdivided into two parts, the Hsiang Ping Chia Aing $ku?* on the raising of militia, and the Shou Chhéng 
Chiu Ming Shu? on the defence of cities. 

i: Various works derivative from this came out later. For example, Fu YG, about +1660, produced a Hu 
Pei Chih Leh?” (Classified Material from the Treatise on Armament Technology). And the Cambridge Uni- 
versity Library has a MS. of 1843 entitled Wu Pei Chih Sheng Chih® (The Best Designs in Armament Technolo- 
gy). W. Franke (4), p. 209, thinks that this was then printed. 
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(Rhapsodical Ode on Gunpowder} about the same time.* Almost simultaneous- 
lv, another military encyclopaedia with a rather unusual title, the Phing Phi Pai 
Chin Fang! (The Washerman's Precious Salve; Appropriate Techniques of Suc- 
cessful Warfare), edited by Hui Lu’, also appeared.” It reproduces many illus- 
trations from the older books, adding also new ones, on the trebuchet principle‘ 
and on the telescope,? but it is not particularly good on firearms. Yet another 
late Ming military book was the Chin Thang Chieh Chu Shih-Erh Chhow (Twelve 
Suggestions for Impregnable Defence)" by Li Phan’. 

Towards the end of the Ming Dynasty Chiao Hsii’, with the help of the Jesuit 
Adam Schall von Bell, wrote the Huo Kung Chhieh Yao* (Essentials of Gunnery) in 
the year +1643. From the 1841 reprint onwards, this work has also borne 
another name, the Tsé Kho Lu’ (Book of Instantaneous Victory). Chiao Hsü 
mentions the ‘Fire-Drake Manual’, and his name leads one to speculate on a 
possible relationship between him and Chiao Үй; he could have been a descen- 
dant working in the Imperial Arsenal, but there is, as vet, no positive evidence 
for this. Jesuit intermediation was not the only channel which brought the knowl- 
edge of Western firearms to China. Contact with the Portuguese led to at least 
one book, the Hsi- Yang Huo Kung Thu Shuo (ct. p. 393 below); and there were also 
the Vietnamese, the Japanese and the Turks, as will appear in due course (pp. 
310, 429 440). 

We have only mentioned those military compendia of the Ming which de- 
scribe firearms and are still available to us. There were other military writings 
now lost or extremely rare, as for example, the Huo САМ Thu” (Ilustrated 
Account of Gunpowder Weapons and Firearms)? written by Ku Pin". The Wa 
Pei Chih and some of the others mentioned were naturally prohibited, books in 
the Chhing period. In general military works were regarded as ‘classified’ items 
during the early part of that time, a fact which explains the difficulty of gaining 
access to them now. 

Besides all the above, many monographs on guns and cannon were produced 
during this century. Hu Tsung-Hsien”, the commander-in-chief in the South- 
east from +1556 to +1562," himself wrote two, the Wu Lieh Shen Chi Huo Yao? 

* fi can be found in TSCC, Jung chéng пеп, ch. 96. 


D А 
5 {a} 


‘The tide was taken from a story in Chuang Tzu, ch. i (ir. Legge {5}, vol. 1, p. i753; Féng Yu-Lan (5), 
p. 39). A man of Sung State inverted a salve for chapped hands, and it was used in his family for several 
generations as they were professional washers of silk. A stranger bought the formula for a hundred pieces of 
gold thence the title), went down to Wü State, and being made Admiral there, employed it for his sailors зо 
thar they won a great victory over the fleet of Yueh. One application brought hitte gain; the other gained great 
reward and a noble title. The wark seems to be rather care; it was not mentioned in SKCS/TMTY. 

* Ch. 4, p. 356. ; 

$ Ch. rap. 245. This dates it after +1626 (see Vol. 4, pt. i, p зар). 

© The first two words of the title recall the phrase chin chiéng thang САМ, "adamantine walls and scald- 
nig moats’, hence impregnable. 

! On this collaboration we have already written something (Vol. 5.рі 5. pp. 240-0). 

* See SKCS/TMTY, ch. 100, p. 484. ^ Cf the account of Hucker (3). 
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and the Wu Lüeh Huo Chhi Thu Shuo!, both on muskets and gunpowder composi- 
tions and their use in various tactical situations. These were embodied in a very 
rare collection edited by Phan Khang? and entitled Wu Pei Chhüan Shw?, which 
contains a number of other interesting books as well.^ Another book. with a 
closely similar title but of rather earlier date, the Wu Lüeh Shen Chi* by Hu Hsien- 
Chung? also dealt with the tactical employment of musketeers. Then there was 
Huang Ying-Chia’s® Huo Chhi Thu Shuo’, closely similar to the later forms of the 
*Fire-Drake Manual’; and two works the names of the authors of which have not 
come down to us, a Huo nid Chen Fa? on the tactical use of guns and artillery, 
and a Huo Yao Miao Phin? on gunpowder compositions and what they were good 
for. Thus alli in all the late Ming was a very prolific period for works on gunpow- 
der weapons.” They help to explain the high figures for military writings of all 
kinds during this dynasty which we noted at an earlier stage.‘ 

Firearms are also described in some general technological writings, and other 
encyclopaedic works. For example, the San Tshai Thu Hui", written by Wang 
Chhi" in +1609, illustrates the ‘bird-beaked gun’ matchlock musket. A small 
section on firearms is contained in Sung Ying-Hsing’s Thien Kung Khai Wu'5 
(The Exploitation of the Works of Nature) of + 1637.4 Fang I-Chih's'é Wu Li 
Hsiao Shih" (Small Encyclopaedia of the Principles of Things), finished by 
+1643, also has something to say about fire-weapons. However, none of these 
gives as much information on firearms as is found in the specialist military 
treatises. 

During and after the Ming dynasty, Chinese military compendia seem to have 
made their appearances mainly during times of particular need or emergency. 
Early in the Ming the Huo Lung Ching described some of the weapons used to 
overthrow the Mongols. During the mid + 16th century a host of military works 
appeared soon after the introduction of the Portuguese breech-loading cannon 
(fo-lang chi'*), and the arquebus, the so-called ‘bird-gun’ or ‘bird-beaked gun’. 
Such were the Wu Pien, the Chhou Hai Thu Pien, the Chiang-Nan Ching Lüeh, the 
Lien Ping Shih Chi and the Chi Hsiao Hsin Shu. That was also the time when the 
Chinese coasts were plagued by the Japanese wo-khou'? pirates, often led by 
Chinese renegades.‘ In the 1590s the Chinese were engaged in helping Korea 
against Japanese invasions led by Toyotomi Hideyoshi (+1536 to +1598). That 

a Such as the Hai Fang Tsung Lun!? on coastal defence, and the Wu Shih Thao Lüeh!! on military examina- 
"e For the elucidation of these byways of the gunnery literature we have to thank our friends Dr Phan 
Chi-Hsing of the History of Science Institute of Academia Sinica in Peking and Dr Miyashita Saburé of the 
"Takeda Science Foundation at Osaka. 

* Cf. Vol. 5, pt. 6 above. 


4 'This we shall have occasion to discuss later, on pp. 187, 437 below. 
* On this subject see the book of So Kwan-Wai (1). 
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was the time when Ho Liang-Chhen wrote the Chen Chi, and when Chao Shih- 
Chén submitted blueprints for the making of more powerful muskets in his Shen 
Chhi Phu. That was also the time when the Téng Than Pi Chiu made its appearance. 

By the beginning of the +17th century the Ming military power had waned 
and it never recovered. Some scholars, seeing the urgency of rearmament and 
the need for acquiring military knowledge, hoped to restore the dynasty by com- 
piling military works. We have a new crop of publications in late Ming including 
the Ping Lu, the Chiu Ming Shu, the Phing Phi Pai Chin Fang, the Chin Thang Chieh 
Chu Shih-Erh Chhou, the Wu Pei Chih, and the Huo Kung Chhieh Yao. 'The first six 
included accounts of Western firearms which became known through Japanese 
contacts, while the last incorporated knowledge of Western guns and cannon 
introduced directly to China by the Jesuits. Our list is of course incomplete. We 
know of other military books now quite lost, for example the Hsi-Yang Huo Kung 
Thu Shuo' (Illustrated Treatise on European Gunnery) written by Chang Tao? 
and Sun Hsüeh-Shih? before the year +1625.? 

By and large the Chhing period was one of peace, so that military compendia 
were produced less frequently”, but before the echoes of the Manchu conquest 
had completely died away Lü Phan* and Lu Chhéng-En’ produced in +1675 
their Ping Chhien® (Key to Martial Art).* By this time artillery had entered the 
modern world (cf. Figs. 145 and 147 below). These authors gave a good deal of 
their attention to naval affairs, incorporating in their book several important 
rutters, and registers of compass-bearings.4 Moreover, the Man-Chou Shih Lu’ 
(Veritable Records of the Manchu Dynasty) contains a number of valuable 
illustrations showing the use and disposition of artillery pieces in the field, some 
of which we reproduce below (Figs. 152, 155). From the study of Chhen Wén- 
Shih (7) we know that all the technical handicrafts and industries were poorly 
developed among the Manchus before the time of Nurhachi, but Chinese and 
Korean craftsmen were attracted to give their aid, and the first Manchu cannon 
was cast in +1631. Thereafter military needs long dominated. To trace the de- 
velopment of military writing in Japan would take us too far from our present 
theme, but this may perhaps be the place to mention the Honchó Gunkiko® (Inves- 
tigation of the Military Weapons and Machines of the Present Dynasty), a 
famous work by Arai Hakuseki? begun about +1705 and printed in +1737. It is 


а See Bernard-Maitre (7), p. 446, and Pelliot (55), р. 192. This work had no connection with the Jesuits, 
and probably emanated from friends of the Portuguese gunners who were sent up from Macao to help the 
Ming. 

b Some that we should like to see have been lost, for example the Huo Chhi Lüeh Shuo! (Classified Explana- 
tions of Firearms) by Wang Ta-Chhüan!!, and the Huo Chhi Chen Chüeh Chieh Chéng!? (Analytical Explanations 
of Firearms and Instructions for Using Them) by Shen Shan-Chéng.!? We do not know their exact dates. 

с Preface of +1669. 

3 Two of these have been reprinted and edited by Hsiang Ta (5). Cf. Vol. 4, pt. 3, pp. 581 E. 
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very detailed on slat-armour and close-combat weapons, but it has almost no- 
thing at all on gunpowder and firearms.? 

The publication of military compendia during the Chhing dynasty was also 
correlated with national emergencies. For example, the Hai Kuo Thu Chih' (Yllus- 
trated Record of the Maritime Nations), written by Wei Yuan? and incorporat- 
ing articles on Western firearms and gunboats, appeared in 1841, immediately 
after China's defeat in the Opium War. Lin Tsé-Hsü? lent a hand to get it 
published, and indirectly contributed much to it.” This was the time of Li Shan- 
Lan’s* tractate Huo Chhi Chen Се? (Instructions on Artillery); he was an 
outstanding mathematician and technologist, later one of the group at Anking, 
predecessor of the Kiangnan Arsenal.‘ It is not generally known that in the 
Chiang-nan Chih Tsao Chi САЎ (Records of the Kiangnan Arsenal) of 1905 Wei 
Yiin-Kung gave brief histories of gunpowder weapons in China, including some 
which the Arsenal may never have had occasion to make, such as the fire-lance 
and the war-rocket. > 

But the Ко Chih Ching Yuan’ (Mirror of Scientific and Technological Origins), 
written by Chhen Yuan-Lung? in +1735, had already had much to say on fire- 
weapons." [t quotes from books like the Wu Yuan, the Pai Phien, the Shih Wu Chi 
Yuan and the Chiu Thang Shu on the phao trebuchets, mentioning battles where 
mines were used, incendiary arrows, rockets, early Chinese bombs, guns, can- 
nons, breech-loaders, the ‘bird-beaked’ musket and multiple-barrel guns. Of 
course, books such as this are only late secondary sources. 

In looking back over the whole of this literature, several interesting thoughts 
present themselves. It is quite remarkable that after the first appearance of gun- 
powder in war it took about a century and a half before anything concerning it 
was put down on paper; the literate scholars so long failed to take notice of what 
the technicians were doing. Gunpowder appears first as a low-nitrate composi- 
tion used for slow-match ignition in pumped naphtha flame-throwers (p. 81 
below). This is datable to + 919.* Similarly, an account of a siege in + 904 tells of 
‘flying fire launched from machines’ ( fa chi fei huo’), i.e. low-nitrate gunpowder 
used in the form of incendiary projectiles or ‘bombs’ hurled from trebuchets (p. 
85 below).' Yet nothing much got into print about these things until the Wu 
Ching Tsung Yao of + 1044. And then what a long gap there was until the writing 


“This may well be connected with the Japanese aversion to firearms, "n ich we. shall consider fater 

LA 4674). Cf. Perrin (1): There isa biography of Arai Hakuseki by Ackroyd (1). 
© See Hummel (2), p. 851. 

* Cf. Vol. 3, p. 106. 

* Ch. 42, pp. 27a ff. 

* Ву deduction from the clear description of +1044 (WCTY). See p. 82 below, 

' Following the interpretation given in +1004 (HCC). The projectiles could also have been gunpowder 
arrows (not rockets) shot-from arcuballistae. or just possibly even naphtha flame-throwers were meant. Cf. 
Péng Chia-Shéng (1), p. 46, (б). p. уз. See p. 85 below. 
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of the Huo Lung Ching three centuries later! Today we can only fill it by the 
judicious use of the narratives of the historians, both official and unofficial, as 
indeed the rest of this Section will show.? 


(ii) Arabic and Western sources 


One of the earliest European texts mentioning gunpowder is the famous Liber 
Ignium ad Comburendos Hostes (Book of Fires for the Burning of Enemies) attri- 
buted to Marcus Graecus (Mark the Greek, or Byzantine).^ We have come 
across it before? in connection with a recipe for the distillation of strong alcohol, 
which occurs as one of the latest of its components, belonging to c. +1280. The 
gunpowder formulae also belong to this last stratum, perhaps as late as +1300, 
in contrast to the earliest entries which may well go back to the +8th century. 
Several Latin versions of the manuscript, only about six pages long, exist,? but 
none of them bears a Greek title, and there is no evidence that the author or 
compiler of the work was a Byzantine. Marcus Graecus was certainly not, as 
some have supposed. the Marcus mentioned by Galen (d. +201), nor the 
Graecus referred to by Mesue (d. 1015),° nor yet the +1eth-century Mark of 
Toledo, who translated the Holy Koran into Latin, nor yet again the King 
Marqouch mentioned in late Arabic alchemical texts.’ Perhaps he was not a real 
person at all— nomen et praeterea nihil, just a name for a collection. The Liber 
ignium is more probably of Arabic origin, perhaps translated and put together 
gradually by Jewish scholars in Spain, for it mentions certain climatic conditions 
not found in Europe, and leaves a number of Arabic and Spanish words untrans- 
lated. Moreover it contains? several specifically Arabic + r2th-century recipes 
for ‘automatic fire" and ‘oil of bricks’! 

The Liber Ignium certainly belongs to the group of collections of ‘secrets’, lack- 
ing all classification or order. Of its 35 recipes, 14 are concerned with war, 11 for 


^ judicious we sav, because the pitfalls are innumerable, largely owing to the continuing lack of precise 
iechnical terminology. Cf. p. 22 above. 
^ All the modern work on it has been summarised and sifted bv Partington (3). pp. 428; 
supersedes previous accounts. But Sarton (15, vol. 2. p. 1037 and Thorndike (13, vol T 
still worth consulting. 
Vol. 5. pt. 4, р. 129. 
2 There is a printed. version of the text by de ia Porte du Theil (1804), and others by Berthelot (10), 
op. 89 ff. and Hoefer (1), vol. t, pp. 491 ff, and ed., pp. 517 Е with iranslations. But none are wholly satisfac- 
and there is no modern critical edition. 
* Probably Masawayah al-Mardini of Baghdad. 
Berthelor (145; Berthelot & Houdas (0, pp. 
ammoniac, another of the new things thai came u 
p. 432. 
* Partington (5). pp. 47. 50. 55-6. 156, 198. 
? "This was brought about by mixtures of quicklime wit 
things. which took fire when wetted in any way. Cf. p 
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ib, 124; Bur this personage was associated with sal 
s ike saltpetre) from China; cf. Vol. 5 pt. 4. 





combustibles such as petroleum, sulphur and other 
7 below, and Partington (3), pp. 938; Cahen (13, 





рыт 

This was half-recognised hydrochloric acid. going far back into the Middle Ages: see Vol. 5, pt. з. 
pp. 237-8. pt. 4, p. 198. It got the name of oleum benedictum and Roger Bacon spoke of it as ‘blessed’ oil (De Erraribus 
Medicorem, $15; Welborn (1), p. 32)——not unreasonably in view of its use in pharmacy. Cf. Cahen (1). p. 146. 
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lamps and lights, 6 for preventing or curing burns, and 4 for preparing chemi- 
cals, especially saltpetre. Of the 14 military entries, 10 are for various incendiary 
mixtures, 3 of them containing quicklime; these recipes belong mainly to the 
early and middle strata, and it is directed that some of the mixtures should be 
shot off, after ignition, with javelins or arrows. The remaining 4 recipes all con- 
tain saltpetre. 

It is noted in the Liber Ignium (§ 14) that 


saltpetre is a mineral of the earth, and is found as an efflorescence on stones. This earth 
is dissolved in boiling water, then purified and passed through a filter. Ї is boiled for a 
day and a night and solidified, so that transparent plates of the salt are found at the 
bottom of the vessel. 


The book contains two compositions of ‘fire flying in the air’ (ignis volatilis), 
which Berthelot (10, 14) interpreted as rockets. The first ($12) gives one part of 
colophonium resin, one of native sulphur, and 6 (?) parts of saltpetre. The 
second ($13) gives 1 lb of native sulphur, 2 lbs of linden or willow charcoal, and 
6 Ibs of saltpetre. There are also two compositions for ignis volantis in aere ($832 
and 33), one having equal parts of saltpetre, sulphur and linseed oil; the other 9 
parts of saltpetre to one of sulphur and three of charcoal. If we take the carbo- 
naceous materials as equivalent to charcoal,* this means, when tabulated: 


§ % N 5 С> 
12 75 12-5 12-5 
13 66-5 II 22:5 
32 33 33 33 
33 69 8 23 


The text of the first of these being of doubtful interpretation, we clearly have to 
do with low-nitrate gunpowders which would deflagrate and not explode, or if so 
but weakly.* 

The descriptions certainly sound like primitive rockets, though these seem to 
have been primarily incendiary or intended to terrify, since there is no mention 
of a propelled arrow or its warhead; but as Hime? and Partington‘ pointed out, 
the composition may well have been used in fire-lances such as were known to 
the Arabs, having appeared three centuries earlier still in China.! The trouble 
with the expression 'flying fire', or 'fire flying in the air', here, is exactly the same 
as that met with in Chinese historical writings (cf. p. 22), where fei huo 


* One could apply some kind of correction for this, which would make the percentage of saltpetre appear 
higher, but the mixtures would still deflagrate, not explode. 

^ We use this generally accepted convention henceforward to denote the percentages of saltpetre, sulphur 
and charcoal (or carbonaceous material) in that order; cf. Partington (5), p. 202. 

* Two of them might be suitable for rockets, fire-lances or Roman candles. 

4 (2), p. 85. 

* (5), р. 61. 

f Reinaud & Favé (2), p. 316, suggested indeed a Chinese origin for the ‘feu volant’, saying that it had come 
with the Mongol invasions about +1250. 
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chhiang! might be either 'flying fire-spears' or (as is much more probable) 
‘flying-fire spears’. The historians cannot be blamed if, as is possible, they had 
never seen rockets, and knew only fire-lances. Lastly there is the thunder men- 
tioned in the Liber Ignium, but that need not imply detonation, since deflagration 
in a confined space could produce a similar effect. Thus, to sum up, we have in 
this important, though unsystematic work, clear evidence of saltpetre and low- 
nitrate gunpowder, no more, and certainly no use of gunpowder as propellant in 
a gun. Prior to its probable date, +1280, only one other European reference to 
gunpowder is known, and presently (p. 47) we shall take a look at it. 

From the Arabic world the literary monument most corresponding to the 
Liber Ignium is the Kitab al-Furustya wa’l-Mundsab al-Harbiya (Treatise on Horse- 
manship and Stratagems of Маг), written also about +1280 by Hasan 
al-Rammah (the lancer) Najm al-Din al-Ahdab (the hunchback), probably a 
Syrian." Giving many formulae for gunpowder, it resembles Graecus in concen- 
trating on incendiary compositions and deflagrating powders suitable for fire- 
lances and rockets, but it differs from him (or them) in giving many more overt 
signs of Chinese ancestry.‘ Although al-Rammah does not call saltpetre thalj 
al-Sin (Chinese snow)‘, only 02774, he draws a great deal from Chinese practice, 
partly for recreational pyrotechny;* and he has a variety of Chinese habits such 
as incorporating arsenic sulphide, lacquer and camphor in his compositions, or 
using expendable birds to carry incendiaries. 

If we examine some of the gunpowder formulae in the book of al-Rammah, we 
find a tendency to have the saltpetre content rather higher than anything certain 
in Marcus Graecus. 


% N S C 
flying fire 71 7 21 
rocket 70 II 18 
firework (‘flower of China’) 69 13 18 
‘Chinese arrows” 72 8.7 18.8 


Thus, although not so high as the theoretical value of 75%, these powders were 
distinctly more lively than the slower blasting or rocket levels of 60 to 68%. If 


* This was but one of many furisfya treatises on military arts, the bibliography of which has been studied by 
Ritter (4). 5 

5 The two known MSS, both in Paris, have been studied by Quatremére (2), Hime (1) and others, but the 
most judicious assessment is that of Partington (5), pp. 200 ff. See also Sarton (1), vol. 2, p. 1039. 

* As Partington (5), p. 202 well noticed. This was recognised even by Mercier (1), p. 117. 

4 СЕ Vol. 5, pt. 4, p. 432. 

* Among the fireworks there are ‘wheels of China’, ‘flowers of China’, white and green lotuses, coloured 
smokes (as in WPC, ch. 120, pp. 55 ff.), etc. 

* Plus то parts of ‘Chinese iron’. If this was powdered cast iron, or iron filings, it was to give a white flame 
(cf. Audot (1); Brock (1), p. 23’; Davis (17), p. 67). But it could have been what the Arabic alchemists called 
‘Chinese iron’, i.e. hadàd al-Siit or kharsint (cf. Vol. 5, pt. 4, p. 429), in which case it would have been cupro-nickel. 
And copper gives a blue or purple flame (Davis (17), pp. 65, 67). 

z Certainly rockets, the зайт al-Khitai of Vol. 5, pt. 4, p. 432. Cf. Reinaud & Favé (2), pp. 314 f; Partington 
(5), p. 203; Zaky (4). 
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al-Rammah never talks about bombs or detonations, accidental explosions were 
certainly to be feared in the Arabic arsenals of the time, since the exact propor- 
tions of saltpetre would naturally sometimes be inadvertently exceeded.* Again 
here gunpowder is an incendiary used on arrows or thrown in pots from tre- 
buchets, and as flame-thrower filled into fire-lances; it is propellant only for 
rockets (much more certain than in Marcus Graecus), and not behind projec- 
tiles in guns or cannon of any kind. But it is very significant that the characteris- 
tically Chinese co-viative projectiles appear, thrown out from fire-lances as 
balls, ‘chickpeas’, of burning material.” In the book of al-Rammah many impor- 
tant descriptions of things are given too, such as fuses (zkr?kh) and incendiary 
‘bombs’ or naphtha pots (gidr). By itself alone the пар al-Furasiva ... would 
serve as striking evidence for the westward passage of gunpowder and all mili- 
tary pyrotechnics from the Chinese culture-area. 


Finally, al-Rammah it was who gave the first description of the purification of 


saltpetre (barüd) by a Muslim writer.“ The solution of the mixture containing 
potassium nitrate was treated with wood ashes to precipitate the deliquescent 
calcium and magnesium salts, then decanted or filtered and allowed to crystal- 
lise. So this knowledge was shared with the author of the Liber Ignium. 

Hasan al-Rammah’s book was not of course the earliest Arabic treatise on 
military incendiaries (nufür). A work by Murda ibn ‘Ali ibn Murda al-Tarsüsi 
was composed for the famous commander Saladin (Salah al-Din) about +1185. 
It had a memorable title: Tabsirat arbab al-albab fi Kaqfyyat al-Najah fl-Haurüb 
wa-nashr alam al-i'lam fel-udad wa-'l alát al-mu’ina "alà liga’ al-a’da’ (Information 
for the Intelligent on how to Escape Injury in Combat; and the Unfurling of the 
Banners of Instruction on Equipment and Engines which assist in Encounters 
with Enemies).? Here the important point is that neither saltpetre nor mixtures 


containing it are mentioned—which is not surprising since the first mention of 


potassium nitrate among the Arabs comes with Ibn al-Baytar about +1240." 
The book therefore parallels the Thai Pai Yin Ching’, and the fact that that was 
written four centuries earlier simply points up the décalage between China and 
Western Asta or. Europe. There is naturally much about naff (naphtha), though 
it is not called Greek Fire, and ‘automatic fire’ is prominent too.’ Other Arabic 


* This was also the opinion of Bonaparte & Favé (т), vol. 3. p. 33 

^ This was later widely adopted. in Western pyrowchny, cf. Brock f1), pp. rgi Ё Babington in +1635 
spoke of "trunickes of fire which shall cast forth divers fire balls’, and this, it has been thought, is one of the 
earliest references to. Roman candles. Cf. Bate (1), writing in the previous year. 

It is generally said that the expression itself, ‘Roman candle’, Ars: appears in Marryat's Peter Simpie (18432), 
but this cannot be right because it:was prominent ata. display in +1769 (Brock (1), p. 192). The name 
originated, according. to-him, as a reference to a traditional pre-Lent carnival at Rome, here each merry- 
maker sought to extinguish the candle of his neighbour while 4 keeping his own alight. But there is no continuity 
of sense, and one wonders whether, if tlie usage could be traced further back, the adjective ‘Reman’ would not 
be-found io mean East Roman, Le. Byzantine-—like Greek Fire itself, Were fire-lances not known: to the 
Byzantine forces between 1230 and F 1450? 

= "Er. Partington (5), p. 201. 

4 We are атанын to Dr fo F- C^ Hopkins for dic englishing of this. The wark has been printed and ta part 
translated by Cahen (1). A useful summary is in Partiagton (5). pp. 107-8. 

“CE Vol 5. pt дур: og: E OL p. 39 above and p. 67 below 
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Fig. 2. An illustration from the Arabic Rzevuski MS at Leningrad, showing what must be а rocket-arrow 
on rhe left, and a midfa‘ on the right, with perhaps in firework in the middle. 





MSS before +1225 give directions for the distillation of low boiling-point frac- 
tions of natural petroleum and naphtha,? i.e. the essential process by which 
Greek Fire was made.” Hime was undoubtedly right in saying that there was no 
evidence for any gunpowder weapons throughout the Crusades (+1097 to 
+1291), and none has appeared since his time. 

Arabic works in manuscript approximately contemporary with that of Hasan 
al-Rammah and paralleling it exist also,? but a considerable step forward is 
represented by the Rzevuski MS at Leningrad, which was copied for à Mamlük 
Sultan of Egypt, and dates from about +1350. Perhaps the writer's name was 
Shams al-Din Muhammad, but this is uncertain; the work has a jejune title 
something like ‘Collection of Notes on Various Branches of the (Military) Art’. 
Now enters the mysterious term midja‘, which certainly denoted a tube of some 
kind, though whether it was originally something analogous to the siphon of the 
Byzantines and the flame-thrower pump of the Chinese (p. 82), Le. the appar- 
atus called ai-zarrag,' or else a low-nitrate gunpowder fire-lance throwing co- 
viative projectiles,* or else again a true hand-gun or bombard using high-nitrate 
gunpowder to propel a projectile of equal diameter to the bore; and also whether 
it was generally made of wood, bronze or iron, are questions which have never 
been decisively answered. Most probably it was all of these in chronological 
succession. But the composition given in the Rzevuski MS, (N, (5) C 96 54; тт: 
15) was quite fast enough for a true gun. We also hear of the projectiles shot out, 
bundág (originally meaning a hazel-nut); and one of these, seated in the splayed 
mouth of a hand-held tube on the end of a stock (Fig. 2) does really indicate a 





= . Partington ( (3). p. 199. 

* We shall return to this (p. 78), but Pat 
with suiphur, resins, etc. 
© [ij pp 64E 3. Partington {5), p. 207. 

* OF possibly à century later. See Reinaud & Favé (2), pp. aog ff, Reinaud (1), p. 203. Other references in 
Partington (31, pp. зод, 231. 

OE: Wiedemann inroposüsrreprocn {тз} vot тор zro Yhe expressions bak al-midfa (the mouth of the 
projector-pipe) and bab al-mustag (the mouth of the Chinese fute- -pipe? occur in the Мајдаћ ai-Uhen iKey of 
the Sciences} written by Aba ‘Abdallah al-Khwarizmi al-Karih in +996. These occur, it is said, in naphtha- 
throwers and ejectors (at-uaffülat wal carrágát). 

* Arrows are mentioned among these (cf. p. 270 below). 





agton (3). pp. 3 ed that it was distilled petrol thick 
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Fig. 3. Pottery naphtha container (or incendiary ‘bomb’). From Mercier(1), 
with cross-section on opposite page. Arabic origin. 


hand-gun. If the date is right, there is not much point in denying to the Arabs 
the knowledge of true guns and bombards at this time.* Even if Quatremére (2) 
was correct in saying that midfa‘ did not mean a cannon until +1383, it remains 
that the technique of early artillery was spreading in the Middle East and the 
Maghrib in the 4 14th century just as it was in Europe, having started in China 
in the c 13th, as we shall see (p. 294). Of course the older methods still con- 
tinued, for the Rzevuski MS speaks of incendiary ‘bombs’ thrown from tre- 
buchets or arcuballistae,? and also ‘Chinese arrows’, i.e. rockets. 

The Mamluk dynasty, centered on Cairo, lasted from +1250 to +1517, and 
the process of chemicalisation of warfare during its sway has been studied in an 
interesting book by Ayalon (1). The earliest mentions of midfa‘ that he could find 
dated from +1342 and +1352, but he could not prove that they were true hand- 
guns or bombards. However, the decisive eye-witness description by the ency- 
clopaedist Shihab al-Din Abu al-'Abbas al-Qalqashandi‘ of a metal-barrel can- 
non shooting an iron ball at Alexandria must lie between +1365 and +1376. By 


^ After all, Lavin (т) shows that cannon (truenos) were used by the Moors besieged in Algeciras in +1343. 

^ Many of these pottery containers, notably from the siege of Fustat in +1168, are illustrated in the plates of 
Mercier (1), whose book was vitiated however by a dating of Marcus Graecus a couple of centuries too early, 
and a belief that saltpetre was known and used in the West several centuries before it actually was. Cf. Figs. 3 
and 4. On the naphtha ‘bombs’ see also Lenz (1) and Gohlke (3). 

^ Mieli (1), p. 276. 
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the end of the century the use of true artillery was becoming widespread just as 
in Europe.* One of the historian’s troubles in this era is that as incendiary sub- 
stances changed to deflagrating low-nitrate gunpowder, and as that in turn 
evolved into explosive and propellant high-nitrate gunpowder, the name did 
not change. So. лаў came to mean gunpowder, and they spoke of midfa* al-naft. 
Even when they gave that up, they transferred the term barad from saltpetre to 
gunpowder itself,” which made matters no better. True, the fact that in the 
beginning gunpowder was itself used as an incendiary substance renders 
the continuation natural enough, but can hardly condone it. Although the 
same unfortunate failure to develop new technical terms for new things? also 
bedevils the situation in China (cf. p. 11 above), this particular trouble does not 
arise there, and huo yao! (the fire chemical) invariably indicates the existence of 
the gunpowder mixture.? 


а Fire-lances were certainly used at its beginning in the battles between Mamluks and Mongols in +1299 
and +1303, possibly hand-guns also; cf. Hassan (1) Ayalon (3). It is much to be wished that the relevant 
Arabic MSS may soon be translated and published. 

^ On this process see the valuable encyclopaedia article by Colin, Ayalon et al. (1). 

© I came across this first many long years ago in the history of biology and embryology; cf. Needham (2), 
p. 215 (27). 

4 Tn these contexts, that is to say; for occasional mystical uses of the term can be found. See Vol. 5, pt. 5, 
рр. 240, 248; and pp. 6—7 above. 

pe 
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Fig. 4. A pottery naphtha or Greck Fire container from China (photo. Nat. Historical Museum, Peking) 


Certain passages from Ibn Khaldun and al-Qalqashandi are worth giving in 
full. The former does not occur in the famous Muqaddimah? but in his ‘History of 
the Berbers and the North African Kingdoms'. Written about a century later 
(с. +1382), it relates to a year-long siege of the city of Sijilmasa> in +1274. 


There were [he says] trebuchets (madjanikh) and ballistas (harradat) but also a ‘naphtha 
engine’ (тайт al-naft), which hurled a kind of ‘iron gravel’ (hasa al-hadid). This ‘grape- 
shot’ is thrown out from the tube or chamber (khazna) of the thing by means of an inflam- 
mable powder (barud), the extraordinary effects of which rival the powers of the Creator 
himself. 


Reinaud & Favé? knew this passage, but did not believe it, thinking that Ibn 
Khaldun was absent-mindedly attributing to the siege of +1274 a technique 
which he himself had seen by +1384. However, the account does not seem im- 
possible to us if we interpret it as a description of a fire-lance or eruptor with 
co-viative projectiles (cf. pp. 220, 263) rather than a true gun or cannon.* This 


* Tr. Rosenthal (1); Monteil (1). 

> This was a town east of the Moroccan Atlas mountains, almost due south of Fez, and south-west of 
Tlemcen. The attacking force was that of the Marinid Sultan Ya‘kub. 

* Tr. de Slane (3), vol. 4, pp. 69-70. Other accounts, even by Ibn Khaldün himself (e.g. vol. 3, p. 356) 
make no mention of the engine. Nor does it appear in the previous siege of +1261 (vol. 4, p. 68). Another 
translation is in Ayalon (1), p. 21. Attention was again drawn to this passage by Hassan (1). 

3 (1), pp. 73ff. * Partington (5), pp. 191, 196 concurs. 
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would consort well enough with what Hasan al-Rammah tells us (p. 41 above), 
as also with the passage of such gunpowder techniques from China previously. 
But gunpowder has no name of its own; saltpetre and naphtha both do duty for 
it. 

Very different in material content, if not in phaseology, is the passage in al- 
Qalqashandi’s geography and description of Egypt and its government written a 
decade or so before his death in +1418. He says:* 


And (one kind of) these (siege instruments) is makahil al-barüd, and these are al-madafi* 
from which one shoots by means of naft. In part they shoot big arrows, which almost 
pierce a stone,” and in part they shoot balls of iron weighing from 10 to over 100 Egyp- 
tian тай. And (another kind of) these (instruments) is qawarrir al-naft, and these are qudur 
and the like (pots), into which the naft is put, and then they are (lit and) thrown at 
fortresses with the purpose of burning with fire. 


Here there were clearly true bombards as well as incendiary projectiles of 
‘petrol’, but nothing could better show the confusion of the Arabic terminology, 
in which neither saltpetre nor naphtha was distinguished from gunpowder. 

Indeed, current standard Arabic still to this day speaks of gunpowder as 
barüd, and saltpetre is now called milh al-barud (the gunpowder salt).^ Occa- 
sionally, however, there was used another term, ашай“, the ‘drug’,* normally ap- 
plied to any prescription or therapeutic preparation, or even to wine; but here it 
may have some historical significance since it evokes so closely the Chinese term 
huo yao, ‘fire-drug” ог ‘fire-chemical’. 

We must now return to +13th-century Europe and take up the celebrated 
references to gunpowder in Roger Bacon and Albertus Magnus. One may recall 
that the Franciscan ‘doctor mirabilis’ was born probably in +12198 and died 
about +1292." Among his earlier works was that commentary on the translation 
of Pseudo-Aristotle, Secretum Secretorum, which we came across in the context of 
elixir chemistry;' this belongs to the time between +1243 and +1257, at which 


* Ayalon (1), pp. 21—2 (3). We could not find the passage in the translation of Wüstenfeld (1), so perhaps it 
only occurs in certain MSS. 

^ Note the similarity with Walter de Milamete’s bombards (p. 287, Fig. 82). 

с For this information we are indebted to Prof. Douglas Dunlop. The transition from al-naft to barüd for 
what was essentially a new thing, different from either, was already pointed out by Casiri (1) in 1770, vol. 2. 

3 Cf. Partington (5), pp. 204—5, 313, following Reinaud & Favé (2), p. 310, from the Rzevuski MS. (c. 
+1350), cf. p. 43 above. 

* Frankel (1), p. 163. f Cf the case of ‘kraut’; p. 108. 

$ Some say +1214, and there is evidence for both dates. 

^ On Roger Bacon's life see DSB, vol. 1, pp. 377 Ё; Sarton (1), vol. 2, pp. 952 f.; and Thorndike (1), vol. 
2, pp. 616 ff. On his alchemical interests see Multhauf (1), p. 188; Welborn (1). Partington (5), pp. 64 ff. gives 
an elaborate discussion of Bacon and Albertus from the point of view of the history of explosives, but we cannot 
follow him in every respect. We recall, however, a fascinating discussion with him on the subject in Jan. 1959. 

i Vol. 5, pt. 4, p. 494. This work, the title of which could be expanded as ‘The Secret of all Secrets, which 
Aristotle expounded to Alexander the Great’, seems to have been of Arabic origin, about +800. This Kitab Sirr 
al-Asrar was translated into Latin by Philip of Tripoli (or, of Salerno) about +1200. It exists in a host of 
manuscripts, in several languages besides Latin; and discusses personal conduct, royal policy, medicine, 
astrology, and all kinds of real or supposed strange natural phenomena. See Thorndike (1), vol. 2, pp. 267 ff., 


310, 633. 
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later date Roger became a Friar Minor. Then came the papal mandate of 
+1266, as the result of which he submitted to Clement IV his three greatest 
works, the Opus Maius in +1267 and the Opus Minus and Opus Tertium in the 
following year—but by that November the Pope had died, and answer came 
there none, nor thanks, nor any financial support either.^ By +1278 Bacon's 
enthusiasm for experimental science, chemical medicine, natural wonders and 
empirical technology, perhaps also his criticisms of theologians and canon 
lawyers, led to some kind of imprisonment, and the last years of his life are 
obscure. The Epistola de Secretis Operibus Artis et Naturae, et de Nullitate Magiae 
(Letter on the Secret Workings of Art and Nature, and on the Vanity of Magic), 
sometimes alternatively entitled De Mirabili Potestate Artis et Naturae (On the 
Wonderful Powers of Art and Nature), has often been dated before the three 
Opus books, but it is more likely to be later, belonging rather to the seventies, 
and may even be a popularising condensation of those writings done by another 
hand. 

Taking first Roger Bacon's assuredly authentic words, we find in the Opus 
Maius and the Opus Tertium* two passages which are so alike that it is permissible 
to conflate them into one. But before giving that, we must reproduce what he 
says in the earlier work about incendiaries and Greek Fire:4 


Certain of these work by contact only, and so destroy life. Malta (naphtha), which is a 
kind of bitumen plentiful in the world, when projected upon a man in armour, burns him 
up.... Similarly, yellow petroleum, i.e. oil produced from the rocks, when properly pre- 
pared (distilled) burns everything it meets by a consuming fire not extinguishable by 
water, and only with great difficulty by other things. Certain inventions disturb the 
hearing to such a degree that if they are set off suddenly at night with sufficient skill 
neither cities nor armies can endure them. No thunderclap can compare with such ter- 
rifying noises; nor lightning playing among the clouds with such frightening flashes... . 


It would certainly seem that Bacon had witnessed an explosion. 
What this could have been appears from passages in both the books, here 
made into one: 


We have an example of these things (that act on the senses) in [the sound and fire of] 
that children's toy which is made in many [diverse] parts of the world; i.e. a device no 
bigger than one's thumb. From the violence of that salt called saltpetre [together with 
sulphur and willow charcoal, combined into a powder]! so horrible a sound is made by 
the bursting of a thing so small, no more than a bit of parchment [containing it], that we 
find [the ear assaulted by a noise] exceeding the roar of strong thünder, and a flash 
brighter than the most brilliant lightning. [Especially if one is taken unawares this terri- 


а Let alone any sign of interest in Roger Bacon's devotion to natural philosophy, with ali its inklings of 
modern science, still 300 years or so in the future. 

» Cf. Thorndike (1), vol. 2, p. 689. 

© $51. 

4 All the references are given in Partington (5), pp. 76 f., with Latin texts. 

* Square brackets indicate words only in the Opus Tertium. 

* This knowledge of the composition of the mixture was signalised by Sarton (1), vol. 2, p. 957. 
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bie flash is very alarming. If an instrument of large size were used, no one could with- 
stand the noise and blinding light; and if the instrument were made of solid material, the 
violence of the explosion would be much greater.]* 


This description inescapably suggests to us that a sample of Chinese crackers? 
had come into Roger Bacon's possession, and that he knew what the consti- 
tuents of the mixture were inside them.* By +1267 that would have been perfect- 
ly possible, for his fellow friars had been travelling back and forth between West- 
ern Europe and the Mongol Court at Karakoron since +1245, when the Francis- 
can John of Plano Carpini had been sent as an envoy from Innocent IV to the 
Great Khan.‘ Indeed, as early as +1235 two Dominicans, Richard and Julian of 
Hungary, had made travels and explorations among the Mongol Tartars riding 
towards Europe. Other Dominicans, Ascelin, Simon of St Quentin, and Guis- 
card of Cremona, went in +1247 and returned in the following year. One of their 
brothers in the same Order, Andrew of Longjumeau, went twice, once in +1245 
and again in +1249; and when on his first visit he conferred with a Nestorian 
hiero-monk Simeon (Rabban Ata) who gave him a document ‘from the heart of 
the East, namely China'.' Then the Franciscan William Ruysbroeck made a 
famous missionary visit to Mangu Khan in the years after +1252.% And these 
were only the eminent ecclesiastical envoys; of the general run of travellers, both 
religious, political and mercantile, there must have been many more, for exam- 
ple, Baldwin of Hainault, a knight in the service of the emperor Baldwin II, had 
got to Karakoron before William." Brother Roger of Oxford and Paris was 
known to be extremely interested in all kinds of strange natural phenomena— 
what could have been more natural than to send on to him a parcel! of Chinese 
fire-crackers? Such were perhaps the earliest channels through which knowledge 
of gunpowder and its potentialities reached the Western world. 

Compared with the main authentic works of Roger Bacon, the Epistola is 
something of a disappointment. It has been famous for a supposed cryptogram 
or cipher from which Hime! extorted a formula for gunpowder;* but in fact this 


а This was exactly what had happened in China a century or more earlier, with the development of the thieh 
kuan tzu! or cast-iron bombs filled with high-nitrate gunpowder (cf. pp. 170 below). 

b This conclusion has also been reached by Foley & Perry (1), p. 207. And Winter (5), p. 9, agrees that 
fire-crackers were what he had in hand. 

© The traditional composition is N: S: C % 66.6: 16.6: 16.8 (Davis (17), р. 112), like blasting powder. 

4 Cf. Sinor (5, 7, 9). * Sinor (8). t Pelliot (10), pt. 2; Sinor (7). 

* Cf. Vol. т, pp. 189, 224; Hudson (1), рр. 134 ff. It may be of significance that Roger and William were 
personally acquainted. The reference in Opus Majus is vol. 1, pp. 354 Ё. As Rockhill (5), pp. xxxix f. put it 
"Twas fortunate for Friar William that he met, probably during his short stay in France, that brilliant and 
appreciative writer Roger Bacon, for he alone saved him and the results of his arduous journey from utter 
oblivion for three centuries and а half.’ There is nothing about gunpowder or crackers in his text as we have it 
today, but that does not signify much. Cf. Sarton (1), vol. 2, pp. 958, 1053. 


^ Sinor (9). i Not forgetting a note on the nature of the mixture. 

i (1), pp. 102 ff. 

* The extensive literature on this may Бе followed in Partington (5), pp. 69 ff. 
ат 
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lacks all manuscript authority, and appears only in the earliest printing 
(+1542), where it may be a corruption of some Greek quotation.? It does not 
even belong to one of the probably authentic chapters. Still, in ch. 6 we find an 
approximate repetition of the passages about the gunpowder crackers just given, 
and prophecy of ‘greater horrors’ to come.? 

As for the involvement of the great Dominican, Albertus sto s, a scholar 
‘who had the honour of being beatified both by the Church and by science’, it 
turns out to be, like the Baconian cryptogram, a non-starter. Albert of Bollstadt 
was born in +1193¢ and died in +1280, but the De Mirabilibus Mundi (On the 
Wonders of the World) is of highly doubtful authenticity, and may not be 

13th-century at all.* Perhaps it was written by Arnold of Liège about +1300, 
possibly by Albert of Saxony as late as +1350. In any case, what it says about 
gunpowder and ‘flying fire’ is verbally identical with 813 of Marcus Graecus; so 
it adds nothing to our picture of the earliest European knowledge of the explo- 
sive mixture. 

There are two outstanding parallels between Roger Bacon's knowledge of 
gunpowder and what happened in other fields. First, mechanical clocks. We 
know that almost the first reference to a time-keeper of this kind comes from 
Dante in +1319,% but also that Western men were hard at work about +1271 
trying to arrest the motion of a wheel" so as to make it keep time with the 
apparent diurnal motion of the heavens.' So also the first bombard got into an 
illumination in +1327) while Bacon knew approximately the gunpowder for- 
mula in +1268.* Secondly, just as he was the first person in the West to acquire 
this knowledge and to write about it, so he was also the first Westerner to talk 
like a Taoist, saying that if only we knew more about chemistry human life could 
be immeasurably prolonged.' Chinese influences in all these parallels are unmis- 
takable. And the paradox was only repeating itself 120? of longitude West, that 
those who sought elixirs of longevity and immortality should find an explosive 
mixture as well-—all knowledge and all skill inevitably fraught with danger 
if mankind should not be coriscious of the ethics of the employment of such 
mastery. 

Gunpowder formulae are of course given in all those early European treatises 
of military technology at which we have already had a iook (p. до). The oldes: 


* бее the special studies of Steele (4); Sarton (1), vol. 2. pp. 958, 1038 and Thorndike (2). vol. 2, p. 688. 
Some of the passages to which. Hime drew attention. were not about charcoal at all; stili less about saltpetre. 
Text and transiation in Partington (5). pp. 75-6. 

* Needham (2), p. 73. 

2. Some say +1206, but which. is right we may never know. For his life, cf. DSB, vol. t. p. 99. 

See. Thorndike (1), vol. 2; pp. Peai.. 724, 737. 

Hoeler (1), vol. t р: збо was perhaps the first to notice this. 

C£. Vola, pt. 3; p. 445. 

Robertus Anglicus commentary on Sacrobasco's Sphaera, ef Needham. Wang & Price (1), p. i06. 
This had first been done, as we know, by F-Hsing and Liang Ling-Tsan about +725 

CL Fig 82. 

As Tséng Kung-Liang had known it about * 1046. 

See Vol 5. pt. з, pp. 492 
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illustrated MS.*, which may be dated about +1395, contains a recipe for gun- 
powder?, a method for the making, purifying and testing of saltpetre, together 
with crude coloured illustrations of guns. Konrad Kyeser’s Bellifortis, written 
between +1400 and +1405, mentions rockets, guns and a number of peculiar 
formulae for gunpowder.‘ München Codex 197 is a composite work, the note- 
book of a military engineer writing in German, the Anonymous Hussite, and 
that of an Italian, probably Marianus Jacobus Taccola, writing in Latin; it con- 
tains dates such as +1427, +1438 and +1441. It gives gunpowder formulae and 
describes guns with accompanying illustrations.’ A curious feature, very 
Chinese (cf. pp. 114, 361), is the addition of arsenic sulphides to the powder; this 
dates from fire-lance days but probably had the effect of making it more brisant, 
hence it could have been useful in bombs and grenades." The t 15th-century 
Paris MS. 5 supposedly before +1453, De Re Militari, perhaps by Paolo Santini, 
shows а gun on a carriage with a shield at the front, mortars shooting incendiary 
‘bombs’ almost vertically to nearby targets, a bombard with a tail (cerbotane or 
tiller), and a mounted man holding a small gun with a burning match. But we 
need not pursue the European literature further here. 


Gii) Speculations and research contributions 


Roger Bacon and his friends could have had only the faintest idea about the 
location of those ‘diverse parts of the world’ which had produced the crackers, 
and where the invention of gunpowder had been made, though the travelling 
friars of the +13th century had been well aware of the existence of Cathay. But 
by the +15th, after an abundant use of firearms during the preceding century, 
Europeans were less oecumenically minded, and it seemed inconceivable to 
them that the invention could have occurred in any other continent—hence the 
legend of Berthold Schwartz, variously believed to have been an alchemical 
monk or friar, usually thought German, but in the earliest sources (perhaps 
significantly) a Byzantine Greek." 

Probably the earliest appearance of this personage is found in a MS. of about 
+1410, described by Köhler,” where he is a ‘Meister von Kriechenland’, Niger 
Berchtaldus. A more circumstantial relation was apparently given by Felix 
Hemmerlin, writing about +1450, in his De Nobilitate et Rusticate Dialogus, bui 


^ München, Cod. Germ. боо. 
" Basically this is N: 8: C% zi: ipg: iai, but и had sal ammoniac and camphor as well 
See Partington (5), рр. 1468: Berthelor (5, 6). 

1 This was fully described by Berthelot (4): cf. Partington (3), pp. 144-5. 

 Bertheiot (14), р. 692, quoted an entry of + £342 in the Accouat-Book of the Bonis Brothers, vel. 2, p. 127, оп 
the addition of arsenic to gunpowder. It was thought to increase the range. 

* BN Latin 7239; described in Berthelot (4) and Partington (5), pp. 145-6. 

* See Hansjakob(1}, Feidhaus (0. pp. 78 Ё. (30-32). The widespread literature has been assembled in the 
critique of Partington (5). pp. gif. 

> G) vol. 3, pt. í, p. 244. The MS. js in the Ambraser Coll. по. 62 (148); it was ponted towards che end of 
the t 15th century (Berlin Incun. 191178). 

' Notin the +1490 printing, however, only in the later editions of + 1495 and +1397 
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the details need not detain us. After this, the story was repeated by innumerable 
writers, including Polydore Vergil? from +1500 onwards, and Guido Panciroli* 
from +1600.° Panciroli was puzzled, like many others, by the long time which 
the invention had taken, if the story of its much earlier appearance in the East 
was true, to find dissemination among the European peoples. 


Some Writers of the Indian History? tell us [he said], that Guns as well as Printing were 
found out by the Chinese many Ages ago. They say also that they were in Use among the 
Moors long before they were known in Germany: But how is.it possible or credible, that 
an Instrument so necessary for the besieged to repel the Attacks of their Enemies, should 
lie dormant so long? Whereas, as soon as ever the Use of Guns was known to the Vene- 
tians, and Printing to the Romans, it was presently communicated to other People, so 
that now nothing is more common throughout the World. 


Already in +1572° Sebastian Munster had posthumously popularised the 
account of Schwartz,’ having obtained it, so he said, from his friend Achilles 
Gasser.® 

For nearly five centuries the Berthold Schwartz story battled with the growing 
conviction that gunpowder, unknown to the ancients, had originated in the East. 
The only surprising thing is that it lasted as long, a tribute to the Europocen- 
trism of Westerners. William Camden the antiquary, writing in +1605, was 
sceptical about the Eastern origin." 


If ever the witte of man [he said] went beyond belief itselfe it was in the invention of 
artillarie or Engines of warre... 

Some have sayled a long course as farre as China, the farthest part of the world, to fetch 
the invention of guns from thence, but we know the Spanish proverb ‘long waies, long 
lies'. One writeth, I know not upon whose credit, that Roger Bacon, commonly called 
Friar Bacon, knew how to make an engine which with Saltpeter and Brimstone, should 
prove notable for Batterie, but he, tendering the safety of mankind, would not discover 
it. The best approved authors agree that guns were invented in Germanie, by Berthold 
Swarte, a Monke skilful in Gebers Cookery or Alchimy, who tempering Brimstone and 
Saltpeter in a mortar, perceived the force by casting up the stone which covered it, when 
a sparke fell upon it.... 


(1), bk. 2, ch. 11. > (1), bk. 2, ch. 18, Eng. tr., p. 383. 

Cf. Vol. 4, pt. 2, p. 7 and Fig. 352 opposite it. 

The Further Indies included, of course. 

This was also the year of publication of Luis de Camoens' Lusiados. Some have thought that in that great 
poem he recognised the Chinese priority in firearms because of the lines (Canto 10, stanza 129) 


^ с оор 


Here ere the cannons’ range in Europe roared 
The bombard’s thunder on the foe was poured. 


But this seems not to be in the original, and cannot be found in the best translations, such as those of Fanshawe 
(1), p. 300 or Atkinson (1), pp. 243-4. It only occurs in Mickle (1), p. 342, who had a reputation for making 
unauthorised insertions and deletions, in this case accompanying it by a long and vitriolic footnote on Chinese 
culture and technology. 
Cosmographia Universalis, bk. 3, ch. 174. lt is not in the earlier editions. 
s СЕ Gasser (1), pt. 2, p. 108. 
^ Edition of +1614, pp. 238 f. The passage was modernised and abridged in Ffoulkes (2), p. 92. 
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Camden was sure that firearms had been used at the siege of Calais in +1347, 
and here he was quite right.? 

One can see the balance trembling in the writings of the Jesuit, Athanasius 
Kircher. In his Mundus Subterraneus of + 1665 he reported (with some picturesque 
details, says Partington) that Berthold Schwartz had been an alchemical Be- 
nedictine of Goslar, who invented gunpowder in +1354 (!), and later made it 
known in Italy, where it was used in the wars between Venice and Genoa.” But 
two years later, in his China Illustrata, he spoke quite differently. 


Besides, many inventions were seen in China before we ever got them in Europe, and 
three in particular may be mentioned. First, printing, and what it is, I shall explain... 

Another was the invention of gunpowder, which it is not possible to deny took 
place long before our times in China. The Fathers of our Society have testified that they 
have seen in many provinces great cannon, especially at Nanking, which were cast 
long ago, time out of memory; although the pyrabolical art was not brought to such a 
height as we Europeans have now attained. One thing, however, is sure, namely that 
the Chinese have been outstanding in the art of the foundry for the casting of guns 
and cannon, which appears partly in the making of statues of cast (iron and bronze), 
and partly in the casting of massy cannon, which occur only occasionally in other 
nations. 


Then all through the eighteenth century the missionary writers, some in the 
West (such as de Faria y Sousa in +1731)4, others in China (such as Gaubil in 
+1739, de Mailla in +1777 and Amiot in +1782) insisted that gunpowder and 
firearms had originated there and nowhere else. By the end of the seventeenth 
century this conviction was already strong enough to induce the military com- 
mander Louis de Gaya to aver that Berthold Schwartz had got them from the 
"Tartars' when travelling in the East. Thus in +1678 he wrote: 


We have had the invention of Gun-powder from China, by means of the communication 
that a Monk named Bertholdus had with the Tartars in his Travels in Muscovy, about 
the year +1380. And therefore the Portugese were never so much surprized as when 
upon their accosting these unknown Countreys, they saw a great many Ships equipped 
and ranked in Bataillia ... but their surprize augmented when they heard the Guns fire; 
when they expected no such thing. So that it is not true that the Monk was the first 
inventor of Gun-powder; he was no more than the publisher of a Secret which he learnt 
from the Tartars, and which he had better kept to himself, without trying an experiment 
of it, that cost him so dear, and which buried him in the Furnace which he himself 
contrived. 


* Partington (5), p. 109; Brackenbury (1), p. 303. 

> (5), vol. 2, р. 467. This was the conventional wisdom followed by Thomas Sprat in his History of ihe Royal 
Society (+1722), pp. 260 f., 277 F., esp. p. 267. 

* (1), p. 222, eng. auct. 

4 (1), p. gr. He also recognised how devoted the Chinese had been to alchemy and longevity elixirs (p. 26). 

* (1), Harford tr., p. 53. 
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To make the Monk thus a mere transmitter was exactly what some of the scho- 
lars of China and Japan themselves propounded after they had come to hear of 
him, as we shall shortly see.* 

Besides, the idea was not a new one. 1: had already been suggested, as far 
back as +1585, by Juan de Mendoza, in his famous Historia de la Cosas mas 
Notables, Ritos y Costumbres del gran Reyno de la China. One section of this was 
entitled: ‘How that with them they have had the use of Artillery long before us in 
these parts of Europe'. In Robert Parke's translation:> 


Amongst many things worthie to bee considered, which have beene and shal be declared 
in this historie, and amongst many other which of purpose I omit, because I would not 
be tedious with the reader, no one thing did cause so much admiracion unto the Portu- 
gals, when that they did first traficke in Canton, neither unto our Spaniards, who long 
time after went unto the Philippinas, as to find in this kingdome artillerie. And wee finde 
by good account taken out of their histories, that they had the use thereof long time 
before us in Europe. 

It is said that the first beginning was in the yeare 1330, by the industrie of an Almane, 
yet howe he was called there is no historie that dooth make mention; but the Chinos saie, 
and it is evidently seene, that this Almaine dooth not deserve the name of the first 
inventer, but of the discoverer,® for that they were the first inventors, and from them 
hàth the use thereof been transported unto other kingdomes, where it is now used... 


Meanwhile Isaac Vossius, who did so much in the seventeenth century to give 
credit where credit was due, included in his Variarum Observationum Liber of 
+1685 two pieces about gunpowder in relation to China. The first was part of 
his De Artibus et Scientiis Sinarum, and the second followed immediately upon 
it---De Origine et Progressu Pulveris Bellici apud Europaeos 2 

Vossius began by saying that ‘the powder of nitre, with cannon great and 
small’, usually considered an invention of Christians, had in fact been very well 
known to the Chinese sixteen centuries before his time; while guns of exquisite 
workmanship dated there at least eight centuries back. The first of these state- 
ments was a wild exaggeration, the second rather a good guess. The Siamese, as 
'T'abernarius* had rightly affirmed, got their gunpowder originally from China, 
and better made too, than that of Christendom. The Europeans, though in most 
matters of military art long superior to the Chinese, must yield in part to them 
where the warlike uses of gunpowder were concerned. As for recreational fire- 


a "There were occasional writers іа China who believed that gunpowder had been discovered somewhere 
else. For example, опе of de Gaya's contemporaries, Fang F-Chib!; in his Wu Li Hsiao Shih? (Smali Encyclo- 
paedia of the Principles of Things) of +1664 (ch. 8, p. аба, 5j said that gunpowder came from the outer 
barbarians (wai D). But it must have come before the Thang, because he believed that the fireworks of that 
dame had üsed и. 

5 (£r), vol; t, ch. 15, р. 98 (+1588 ed.) pp. 128-9 (Hakluyt Soc. ed.). 

* Lg the one who made it generally known. 

4 They аге chs. 14. and.15 respectively, pp. 83-4 and pp. 86 

* "Yhis was f. B. Tavernier, whose travels in Turkey, Persia, India and Siam were published (1) in +1676. 
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works using the same powder, in these the Chinese truly excelled, what with 
flames of all colours, forms and figures of any kind they pleased, nay, whole 
pictures picked out with light in the empty air: “The Europeans in all their wars 
have not lavished more gunpowder than the Chinese have in these joyful specta- 
cles.' And then he goes on about the Great Wall, and how the dregs of society 
were sent to guard it, the Chinese being greatly given to peaceful literary pur- 
suits; until during the past forty years the wars caused by the invading Manchu 
Tartars had led to great misery. In any case, he concluded, ‘everything we have 
in the arts and sciences we owe either to the Greeks or to the Chinese'. 

In the second of his essays Isaac Vossius was really rather sagacious. He was 
sure that gunpowder had not been known in the West above four hundred years 
past (which would make it +1285), and he did not believe that either Roger 
Bacon or any other nameable person had been responsible for it. Fire itself, of 
course, had been used in war much earlier; which was easy to show from the 
‘automatic fire’ of Julius Africanus,* the naphtha of the Persian and Gothic wars, 
and the Greek Fire invented by Callinicus about +685 or a little before. It was 
still incendiaries that frightened the host of St Louis in the Crusades, as told by 
Joinville.’ ‘Of flame and thunder there is often mention, but of stone or metal 
balls, or explosions, all is silence. So who among the Christians had first begun 
to use gunpowder bombards with projectiles of iron, lead or stone, we really did 
not know. The description of one of these guns of 20 in. calibre in Froissart" 
remained among the carliest references. The danger of bursting such pieces had 
led to the ribaudequins or multiple-barrel cannon, where the charges could be 
less. Who had first introduced corned powder? Vossius also did not know, but 
Tabernarius (Tavernier) had, he said, described the gunpowder compressed 
into little rods characteristic of Tonking and Siam, which was very good. On 
account of their love of peaceful humanism, the Chinese had neglected to adopt 
such improvements, and so when they were necessitated to oppose the Manchu 
Tartars, they prevailed upon Christian Masters to cast cannon for them.* 


? Ca. +225. See Partington (5), pp. 5 Ё. 
© £55, рр. 23575; cf de Машу (0; J. Evans (i). Joinville lived from + i824 to 1319, and wrote his History 
a7 St Louis in +1309, remembering the events of the Sixth Crusade (+1248 to +1234) of which he had been a 
member in the train of the sainted king, Sec Sarton (1), vol. 4, p. 928. 
€ [tapplied to a cannon used at the siege of Oudenarde in +1382 by the troops of Ghent (cf. Partington (5), 
p. 103), $0 it was not in fact particularly early. Brackenbury (1), p. 15 deduced the dimension from Froissart's 
expression ^cinquante trois pouces de bec”. The chronicler did give-earlier examples, however, notably опе at 
Quesnoy іп +1340, which shot crossbow bolts like Walter de Milamete's, (1), bk. 1, ch. 111 in vol t, pp. 
310-11; Brackenbury (1), p. 294. Froissart is also, of course, one of the main sources for the English use of 
artillery (three small bombards) at the Battle of Crecy. +1946 (de Lettenhove ír), vol. i, pt. 2, p. 153; vol. 5, p 
6; Partington (5), p. 106; Brackenbury (1), pp. 297). Mulüple-barre! gun-carriages (ribaudequins) are 
mentioned by Froissart too {Partington (3). pp. 1:6, +38; Brackenbury (1), p: 14). He was almost exactly 
contemporary (+1337 to +1410) with Timur Lang. 
+ Granular gunpowder may have been invented at ? Nürnberg about +1450 (Rathgen (1), pp. 77, tog ff); in 
ачу case, и was widely used by +1550 (Partington (5), p. 174). So we still do not know who started it. 
* This was an obvious reference to the Jesuits Adam Schall von Bell and Ferdinand Verbiest. We have 
already said something about their work as gun-founders in China (Vol. 5, pt. 3, pp. 240-1) and shall return te 
it later (p. 395 below), 
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*But there are none of those cunning missiles which subvert cities, overthrow 
walls, and repel enemies from ramparts, used by the Europeans, which were not 
made long before by the Chinese, even though they preferred the arts of peace in 
which they were supreme.' So gunpowder had come to Europe from East Asia, 
said Isaac Vossius, but exactly how, he could not tell. Nor can we; though we 
can probably make a few better guesses, and we do now know the decades dur- 
ing which it must have happened.* 

We may perhaps end this digression on Black Berthold (if such it is), today 
chiefly of antiquarian interest, though not without instructiveness on the mental 
compulsions of Europeans in former days, by quoting Hermann Boerhaave's 
Elementa Chemiae of +1732." 


It were indeed to be wish'd [he wrote] that our art had been less ingenious in contriving 
means destructive to mankind; we mean those instruments of war, which were unknown 
to the ancients, and have made such havoc among the moderns. But as men have always 
been bent on seeking each other’s destruction by continual wars; and as force, when 
brought against us, can only be repelled by force; the chief support of war, must, after 
money, be now sought in chemistry. 

Roger Bacon, as early as the twelfth century [sic], had found out gunpowder, where- 
with he imitated thunder and lightning; but that age was so happy as not to apply so 
extraordinary a discovery to the destruction of mankind. But two ages afterwards, 
Barthol. Schwartz," a German monk and chemist, happening by some accident to discov- 
er a prodigious power of expanding in some of this powder which he had made for 
medicinal иѕез, he apply’d it first in an iron barrel, and soon after to the military art, 
and taught it to the Venetians. The effect is, that the art of war has since that time turned 
entirely on this one chemical invention; so that the feeble boy may now kill the stoutest 
hero: Nor is there anything, how vast and solid soever, can withstand it. By a thorough 
acquaintance with the power of this powder, that intelligent Dutch General Cohorn® quite 
alter’d the whole art of fighting; making such changes in the manner of fortification, that 
places formerly held impregnable, now want defenders. In effect, the power of gun- 
powder is still more to be fear'd. 

I tremble to mention the stupendous force of another powder, prepar’d of sulphur, 
nitre, and burnt lees of wine; to say nothing of the well-known power of aurum fulminans.® 
Some person taking a quantity of fragrant oil, chemically procured from spices, and 
mixing it with a liquor procured from salt-petre, discover'd a thing far more powerful 
than gun-powder itself; and which spontaneously kindles and burns with great fierce- 


Cf. pp. 568 ff. below. 
(1), vol. 1, pp. 99 f., in the English translation of Peter Shaw, +1753, vol. t, pp. 189 ff. 
Here came Shaw's footnote, given in full below. 
How exactly this corresponded with the true course of events in China many centuries carlier, cf. p. 117 
below. 

* B. van Cohorn, military engineer, 1641 to +1704. 

f *Fulminating powder’, consisting of sulphur with potassium nitrate and carbonate. See Ure (1), first ed., 
1821. 

* A complex compound approximating to aurous ammonium hydroxide, discovered by Oswald Croll before 
+ 1609 (Partington (7), vol. 2, p. 176). 
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ness, without any application of fire.* I shall but just mention a fatal event which lately 
happen'd in Germany, from an experiment made with balsam of sulphur terebinthi- 
nated, and confined in a close chemical vessel, and thus exploded by fire: God grant that 
mortal men may not be so ingenious at their own cost, as to pervert a profitable science any 
longer to such horrible uses. For this reason I forbear to mention several other matters 
far more horrible and destructive, than any of those above rehearsed. 


Whatever would Boerhaave have said, one wonders, about nuclear weapons? He 
was a high-minded and far-seeing chemist, but the part about Schwartz, which 
mainly interests us here, received a debunking footnote from Boerhaave's trans- 
lator, Peter Shaw, in +1753, a footnote which we cannot omit, since it shows 
how careful history as well as sympathetic ethnology was proving the Schwartz 
story legendary. He simply said: 


What evidently shows the ordinary account of its invention false is, that Schwartz is held 
to have first taught it to the Venetians in the year 1380; and that they first used it in the 
war against the Genoese, in a place antiently called Fossa Caudeana, now Chioggia." For we 
find mention of fire arms much earlier: Peter Messius in his variae lectiones, relates that 
Alphonsus XI, king of Castile, used mortars against the Moors, in a siege of 1348;° and Don 
Pedro, bishop of Leon, in his chronicle, mentions the same to have been used above four 
hundred years ago? by the people of Tunis, in a sea-fight against the Moorish king of Sevil. 
Du Cange adds that there is mention made of this powder in the registers of the chambers 
of accounts in France, as early as the year 1338.* 


Thus no one could fix his exact date, or find evidence of his existence.’ 


To sum it all up, Partington concluded? that ‘Black Berthold is a legendary 
figure like Robin Hood (or perhaps better, Friar Tuck); he was invented solely 
for the purpose of providing a German origin for gunpowder and cannon’. If we 
widened this to European in general we would not go far wrong. 


a This and the ensuing experiment were examples of the explosive oxidation of organic substances by 
concentrated nitric acid; cf. Mellor (1), p. 512. What Boerhaave ‘forbore to mention’ is not altogether obvious, 
for mercuric fulminate was not found and studied till the early years of the following century. Cf. Partington 
(10), p. 400. 

° Cf. Brackenbury (1), p. 29. 

* Actually, the bombards were used by the Moors against the Spaniards at the siege of Algeciras, and the 
date was +1343; cf. Lavin (1). 

4 This would make it about +1350. 

* Perhaps he got some of this from Gram (1), who had made the point earlier in Denmark. 

С This was also the conclusion of Gohlke (1) in 1911. A vivid picture of these perplexities occurs (as Dr 
Michael Moriarty has reminded us) in Laurence Sterne's Tristram Shandy, bk. 8, p. 517 (+1765) where Uncle 
"Toby is discussing the origins of gunpowder with Corporal Trim. He knows that Bacon long preceded the 
supposed date of Schwartz, and also gives several examples of the use of gunpowder weapons in war during 
that time, adding: ‘“‘And the Chinese embarrass us, and all accounts of it, still more, by boasting of the 
invention some hundreds of years even before him.” “They are a pack of liars, I believe” cried Trim.’ And 
Uncle Toby goes on to say that he thinks they must somehow be deceived, because of the backward state of 
fortifications among them. This of course took no account of the role of distinctively modern science and 
mathematics in such designs in the Western world alone. 

* (5), p. 96. 

^ He lives on to this day, however, in the works of such writers as Laffin (1), p- 15; or is dismissed along with 
all the Chinese evidence in a common uncritical condemnation, as in Lindsay (1), p. 14. 


58 30. MILITARY TECHNOLOGY 


One of the ironies of the situation was that Schwartz got transmigrated into 
East Asian literature to mystify the scholars of that part of the world. In 1832 
J.N. Calten, a Dutch gunnery officer, wrote a book entitled Leiddraad bij het Onder- 
rigi in de Zee-artillerie ... in which he said that gunpowder had been discovered 
accidentally in an alchemical laboratory by Schwartz in +1320, who later in- 
vented cannon to make use of it. This book was translated into Japanese by the 
chemist Udagawa Yoan!,* and his colleagues, who incorporated it into the Kaijo 
Hojitsu Zensho? (Complete Treatise on Naval Artillery) about 1847. 

But Schwartz was also figuring in Chinese dress. In the course of his cam- 
paign to demonstrate that all the arts and sciences had originated in China, 
Wang Jen-Chün? in his Ko Chih Ku Wei* of 1895 chose several interesting quota- 
tions on gunpowder.” His best came from the Ying Huan Chih Lüel? (Geography 
of the Vast Sphere), a clearly written treatise by Hsü Chi-Yü$; which in 1848 
devoted much space to Europe, with mention of machinery, steam-engines and 
industry in the various separate countries. On gunpowder Hsü wrote:? 


The technique of artillery (Auo phao?) was invented in China, and European people did 
not know of it. At the end of the Yuan period* an Jih-erh-man" person (i.e. Aleman, 
German) named Su-Erh-Ti-Ssu'! (i.e. Schwartz) started to imitate the art, but hardly 
attained the right way of managing it. During the Hung-Wu reign-period! of Ming, 
Ti-Mu-Erh Wang"(i.e. Timur Lang or Tamerlane) of Sa-Ma-Erh-Han? (i.e. Samar- 
qand) was very powerful in the Western countries; some Europeans enlisted in his army, 
and afterwards returned home taking gunpowder and cannon (huo yao phao™) with them. 
They got to know the whole technique of it, changing and improving its methods, so that 
they developed the ‘bird-gun’ (niao chhiang?) musket, and used it in a multitude of bat- 
tles to gain innumerable victories: And they built great ships to sail all the seas, so that 
they appropriated vast territories such as Siberia and Malaya, including the Indies and 
all the islands of the South Seas. Their victories criss-crossed the four quarters, and now 
they own more than ten (Eastern) countries. 


All this was ingenious, but Tamerlane will not work, because the first of the 
Timurid emperors, Amir Taimur Sahib Qiran, was not born till +1336 and did 
not set out on his conquests till +1370, by which time gunpowder weapons had 


^ +5498 то 1846; c£. Vol: 5, pt. 3; p. 255. 

"Ch. 2, pp. 275; 28a. He also quoted from the narrative of a journey in Russia in 1887, the O Yu Hui Pien? 
by Miu Yu-Sun? (ch. 12, p. 34, Б). But this was very confused. Miu did not want to believe that the saints and 
sages of China, could have invented anything.so poisonous to mankind as gunpowder, so he supposed that it 
had come from. the Arabs; but here. he fell into. the common mistake of interpreting the. counterweighted 
iebuchets used at the siege of Hsiang-yang (+1267 to +1273) as cannon. Then he brought in Timur Lang, 
suggesting, like Hsü Chi- Y, that Russian soldiers serving under that conqueror had taken it back to the West. 
Nothing of this stands up today. 

© ck 1765 10,1872; Hummel (2), р: 309. 


? Ch.4. p. 35; cf. p. 85. * Le. about +1350. f +1968 to + 1398. 
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been known and used in Europe for more than forty years.* Still, this voice from 
East Asia was echoing the conviction of Louis de Gaya long before that 
Schwartz had been a transmitter, not an originator. It was not given to Hsü 
Chi-Yü to know that in fact he had no real existence at all, but since this is 
indubitably the case we shall now dismiss him into the realm of legend, and 
speak no more of him in our history. 

Meanwhile, all kinds of unacceptable accounts of the origins of gunpowder 
and firearms were circulating in China. For example, both Gaubil (12) and 
Amiot (2), Jesuits working there in the +18th century, adopted the persistent 
legend that gunpowder had been known in the -- 3rd* and had been used by the 
Captain-General of Shu, Chuko Liang!, for constructing land mines (ti lei?). 
Then in the +15th century the Ming book Wu Yuan? (Origins of Things) by Lo 
Chhi* averred that guns (chhung?) were first made by Lü Wang? (in the — 11th 
century), and sticks of fire-crackers (pao chang’) invented by Ma Chün of the 
Wei Kingdom (in the +3rd century).* Lo Chhi also said that emperor Yang Ti? 
of the Sui dynasty (in the +6th century) had used gunpowder for fireworks and 
miscellaneous amusements;? while Liu An? (Huai Nan Tzu), the naturalist- 
prince of the —2nd century, first prepared saltpetre (yen Asiao!!) / These sayings 
were all reproduced and elaborated by Tung Ssu-Chang" in his Kuang Po Wu 
Chih (Enlargements of the ‘Records of the Investigation of Things’) of +1607. 
Féng Chia-Shéng rightly dismissed such claims as legendary, putting them in 
the same category as those of Europe which attributed the invention of gunpow- 
der to Marcus Graecus, Albertus Magnus or Berthold Schwartz, if not Roger 
Bacon.” He agreed with Hallam’s idea that gunpowder was discovered 
accidentally by several people rather than invented by any individual: As for the 
legend that guns were introduced by Lü Wang, it was obviously self- 


^ Amir Taimur (Tamerlane) died in +1409 at his capital, Samarqand, having conquered Kandahar, all 
Persia, Baghdad, Delhi and Cairo. He was an enemy of the Ottoman Turks under Bajazet, whom he defeated 
in + 1402, and consequently friendly with the Byzantine emperors, especially Manuel Palaeologus. It was-one 
of his descendants, Babar, who founded the Mughal (Mogul) empire centred on Delhi, His extraordinary 
career stimulated two English plays. one by Christopher Marlowe in + 1590 and another by Nicholas Rowe in 
+1702. 

> Suppl, p. 336. СГ Hime {:). pp. 86 ff. 

© Already we have seen appearances of this, рр. 25, 28 above. 

? Р. зо. 

* We translated a long passage on the life of this remarkable engineer im Vol 4, pt. п, pp. 30 f. Bamboo 
crackers he would certainly have known, but crackers co taining gunpowder, no. Attempts have been made ia 
recent times to substantiate Ma Chita’s connection with gunpowder, as by Wang Vii (11, but it cannot be 
done. 

tp 32. Whatever &reworks Sui Yang Ti had icf. p..136 below] they did not contain gunpowder: bur a 
knowledge of saltpetre on the part of Liu An is not impossible, as we shall see (p. a6 below), 

# Ch. 33. p. 515, с. зо p. 335. By way cf commentary Tung added тану exce 
Wylie (т), p. 150. 

h 











atare. Cf. 





(1), pp. 30-4. 

(1). vol 1. p. 479- 
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contradictory, since in the next breath saltpetre was attributed to Liu An some 
eight centuries later.* 

By +1780 there had come the first serious sinological discussion of the history 
of fire-weapons in China; it was in the "Supplément! which de Visdelou & Ga- 
land added to the famous Bibliothèque Orientale of Barthélemy d'Herbelot.^ 
They knew of the naval battle of Thang-tao! island between the J/Chin and 
Sung fleets in +1161, and thought that the ‘pao-à-few (huo phao?) might have 
been cannon, especially firing red-hot shot, though they also recognised Auo 
chien? rightly as incendiary arrows. They acutely remarked on the failure of ter- 
minology to adapt, pointing out that tormentum in Latin was just like phao?, the 
thing fundamentally changing (trebuchets to cannon) while the old name con- 
tinued in use. They knew that there was nothing on gunpowder to be found in 
Thang sources, but they also knew of the novel fire-weapons (whatever they 
were) invented by Féng Chi-Shéng* in +970 (cf. p. 148 below), by Thang Fu? in 
+1000 (p. 149 below), and by Shih Phu® in +1002 (p. 149 below); realising that 
gunpowder was involved, but not being able to say whether as incendiary, ex- 
plosive or propellant. It was clear to them, however, that the chen thien lei? 
(heaven-shaking thunderer) used by the J/Chin army when defending Khaiféng 
against the Mongols in + 1232, was an explosive bomb or mine, though here also 
they did not feel they could exclude cannon.‘ By this time they were getting very 
near the bone. They also knew about the thu huo chhiang” (fire-spurting lances) 
invented and introduced in +1259 at Shou-chhun'* in Anhui,’ and being well 
aware that some kind of tube was involved, they believed that these might have 
been true cannon. Again, they were not far wrong, though today we would call 
them eruptors or fire-lances with co-viative projectiles. Finally, they quoted 
from the Ming Shih’ the reply of an emperor in response to a courtier who said 
that firearms had led to cowardice: ‘No, the use of firearms has always been 


а The legends could be pursued in collections such as the Yuan Shih Lin Kuang Chi and the Chhing Ko Chih 
Ching Yuan, if anyone were sufficiently interested. 

> (1), Suppl. р. 117, ‘De l'Invention des Canons en Chine’. 

© This is described in the biographies of the two Sung commanders Li Pao (Sung Shih, ch. 370, р. 45; 
WHTK, ch. 158, pp. 1381-3, 1382-1) and Wei Shéng? (Sung Shih, ch. 368, pp. 115ff., 155). The former 
mentions only fire-arrows (kuo chien?), but the latter speaks of kuo shih phao!9, which must mean trebuchets 
casting incendiaries and stones. Hue phao* at this battle are also mentioned in the biography of the J/Chin 
admiral, Chéng Chia?! (Chin Shih, ch. 65, p. 165), who jumped into the sea and was drowned wheh all his fleet 
was set ablaze. Cf. Féng Chia-Shéng (г), p. 59; Lu Mou-Té (1), pp. 30-1; Wang Ling (1), pp. 166, 169. There 
may well have been gunpowder in these bombs, but at that time it would probably have been low-nitrate 
incendiary rather than high-nitrate explosive. 

4 The description of these affairs is in Chin Shih, ch. 113, p. 194; cf. Féng Chia-Shéng (г), p. 80; Lu Mou-Té 
(1), p. 32. 

* Mod. Shou-hsien. 

f Sung Shih, ch. 197, p. 155; cf. Féng Chia-Shéng (7), p. 71; Wang Ling (1), p. 172. 

* They gave the reference as ch. 72, p. 51, but we have not been able to locate the passage. 
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one of the prerogatives that China has had over all other nations! Such was the 
first serious sinological approach to the history of gunpowder weapons in China. 

It was just about this time (+1774) that the witty but iconoclastic Cornelius 
de Pauw? came into collision with the witty and much better informed Chinese 
Jesuit Aloysius Ko (Kao Lei-Ssu')® who replied in +1777. Finding nothing 
about gunpowder in the Sun Tzu Ping Fa, and taking a poor view of the match- 
lock muskets still used in China, de Pauw wrote off all the Chinese gunpowder 
evidence, including the events of 1232 (p. 171 below), but the Jesuit knew also 
about those of +970, +1002 and many others as well, successfully defending the 
authenticity of Chinese historiography. 

The nineteenth century saw a great intensification in the history of gunpow- 
der weapons and artillery, but the pitfalls were many, and many historians fell 
into them. Thus Reinaud & Favé (2) in 1849 were convinced (quite rightly) 
from the descriptions that the ‘heaven-shaking thunder’ (chen thien lei”), used 
from +1231 onwards, was some kind of explosive. Mayers (6) in 1870 thought, 
on the other hand, that gunpowder went to China either from India or Central 
Asia in the +5th or +6th century, but that the Chinese were the last to realise its 
full implications, and only during the first quarter of the + 15th century did they 
make use of its propellant power." H. A. Giles fell into the misunderstanding 
that firearms were first used by the Chinese when the Ming general Chang Fu’ 
defeated the Annamese in +1407;4 while Geil, conceding the invention of gun- 
powder to China, maintained that cannon were cast only under foreign in- 
fluence.* On the other hand, Greener (1) was prepared to credit China with a far 
too early knowledge of the properties of saltpetre, saying that ‘the Chinese and 
Hindus contemporary with Moses are thought to have known even the more 
recondite properties of the compound’. Then at the beginning of this century 
(1902) Schlegel (12) well argued the case for the origin of gunpowder in China, 
but interpreted the term chen thien lei? wrongly as referring to cannon. His con- 
clusion that ‘the Chinese ... knew and employed fire-arms, cannon and guns, as 
early as the 13th...century’, turned out however to be quite justified. 

There were fierce controversies too. Some of these arose over the nature of 
Greek Fire;! others concerned the interpretation of the earliest evidence for guns 
and cannon in Europe.’ On gunpowder history in India, Oppert (1) was duly 


(1), vol. t, pp. 441 ff. > (1), p. 491. 

* [n the previous year an anonymous article in Harper's Magazine (Anon. 196) had got it somewhat more 
right than this, though still accepting that gunpowder was known in the San Kuo and the Sui. We shall 
mention W. F. Mayers again on p. 172 below, in connection with his recognition of the fire-lance, a weapon 
which so many other scholars did not understand. Dr Clayton Bredt tells us that Mayers' files and papers still 
exist, and are preserved along with other material from the old British Legation in Peking at the Public Record 
Office at Kew. 

9 (т), p. 21. See further, р. 240 below. * (3), p. 82. Cf. p. 394 below. 

f Eg. Lalanne (1, 2) and Quatremére (2) against Reinaud & Favé (1, 2, 3) in the forties of the last century; 
here the question largely was whether it had contained saltpetre or not. 

* E.g. Lacabane (1); Bonaparte & Favé (1), also in the forties. 
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exploded by Hopkins (2).* Then came in the German writers, remarkable mili- 
tary historians," but liable to get into trouble by claiming too much for Teutonic 
abilities. On the + r5th-century European fire-book writers, Berthelot (4—7) was 
better, and on the +14th-century bombards Brackenbury (1) and Clephan (1— 
5) produced histories still useful today. In 1895 von Romocki (1) made a gallant 
effort to identify the origin of gunpowder weapons in Asia, with results satisfac- 
tory as far as they went, but he was impeded by little access to the original texts, 
and dependent on the work of the Jesuits and the earlier sinologists, not always 
reliable guides. Still, he did correctly interpret the thu huo chhiang! of +1259 as a 
gunpowder flame-thrower with what we should call co-viative projectiles,* 
though of course he knew nothing of the actual dated true Chinese hand-guns 
and cannon going back as far as +1290.“ 

In the early years of the present century much uncertainty continued. For 
example, Gohlke (1) believed that gunpowder originated in China, but that the 
Chinese did not arrive at making metal gun-barrels, nor did the Arabs, though 
he could not be quite sure what the midfa‘ was. According to him, firearms 
appeared almost simultaneously in several European countries, and it was not 
possible to determine the place, nor the person who first invented them. Next 
Pelliot and Chavannes were able to prove that the Chinese kuo phao of the - 19th 
century was a kind of bomb and not a cannon.* In 1915 there appeared a well- 
known monograph on the history of artillery by Colonel Henry Hime (2), who 
believed that ‘in all probability gunpowder was not invented, but discovered 
accidentally, by (Roger) Bacon’.! At the same time he refused to accept the 
evidence brought forward by the +18th-century Jesuits on the origin of gunpow- 
der, saying that the invention of gunpowder was probably carried from the West 
to China, by land or by sea, at the end of the + 14th century or the beginning of 
the +15th and ‘was falsely adopted as an old national discovery before the arriv- 
al of the Portuguese and the Jesuits in the +16th’. This was quite courageous of 
Hime, seeing that he had no access whatever to any of the original Chinese 
sources. One might say that until the end of the Second World War the theory of 
a European origin of gunpowder continued to hold its ground. In 1925, for ex- 
ample, Rathgen could write about the exclusively European origin of Indian 
gunpowder weapons.’ 

Forty years ago, however, decisive advances began to take place. One can see 
that the history of fire-weapons and gunpowder during the previous two cen- 
turies had been а welter of mistakes and misunderstandings, mistranslations, 


* CE. Partington. (5), pp: 21i ik That. however, did not prevent Oppert's mistakes being repeated by later 
writers such as Greener (1), р. 14. 

^ Jahns (1, 2; 4); Boelieim (1); Delbrück (P) Rathges (1-4). 

* Gf p: 223 Below. *- Gf. p. ago. below. г. 
Pelliot (58). p. 408: Chavannes (22; pp- ыў; ас 
Cf. p. 49 above. * {rh р-564. (5) 
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legendary traditions, allegations unsupported by sources, false attributions and 
cultural prejudices. In the fifties and sixties this log-jam came under fire from 
two batteries of exceptionally heavy artillery, as it were: the writings of Féng 
Chia-Shéng (1-8) from 1947 onwards, and Partington (5) in 1960. Féng? and Par- 
tington? swept it all away, or rather amassed it in heaps and critically sifted 
it,” rejecting the nonsense and formulating some reasonably sure conclusions. Of 
course, some of these are today not beyond criticism, and there was much which 
Féng and Partington never knew— indeed a great deal still remains to be found 
out. For instance, if only we knew the exact composition and physical character 
of the gunpowder in each of the many and various fire-weapons used in China 
from +900 onwards we would be much better off; as it is, we can only guess. 

These heavy batteries were heralded and supported by lighter, but still ex- 
tremely effective, field-guns. The new approach was pioneered by Wang Ling (1) 
and Goodrich & Féng Chia-Shéng (1).4 Abundant evidence from Chinese his- 
torical sources and the descriptions of gunpowder and firearms in the Chinese 
military compendia came to light. For example, Davis & Ware (1) studied some 
of the many firearms described in the Wu Pei Chih All of them came to the 
conclusion that gunpowder originated in China, a conclusion that Partington 
cautiously accepted, elucidating the part played by the Arabs in the transmis- 
sion of the knowledge of gunpowder to Europe.’ In Japan Arima Seihó (г) pro- 
duced an interesting book on the origin and diffusion of cannon, in which he 
expressed the same view regarding the origin of gunpowder in China and drew 
further evidence from actual surviving examples of old Chinese cannon. Such 
guns, dated +1339, +1351 and +1372 were also cited by Wang Jung (1) to 
testify to the existence of bronze cannon in +14th-century China. Indeed most 
of the best work since Partington's book has appeared in Chinese? and Japanese. 
in 1968 a Japanese explosives chemist, Nambo Heizō (г) wrote an important 
monograph on the development of fire-weapons, gunpowder and firearms in 
East Asia, and their transmission to Europe, partly through the Arabs." 

* 1 had the honour of being personally acquainted with this inspiring scholar both in New York and in 
Peking: he was always most amiable in answering our many queries. 

© Partington had been an engincer officer and а staff member of the Ministry of Munitions in both wortd 
wars. so besides being (like Berthelot) outstanding both as а chemist and a historian of chemistry, he knew 
about blow! ing things up in actual practice. He was not, as T was, an ignorant and jnexperienced Adviser to the 

Ping Kung Shu during the second world war. Then in July 1956, Wang Ling and T enjoyed a conference with 
him of several days’ duration, in which (with his coming book in mind) we went over all the evidence about 

China and gunpowder which we then had. and learnt a great deal from him as to how the history of the subject 
should be written. : 

* Two of Féng's papers, (2) and (8), were devored te critiques of earlier Western histories of fire-weapons 
and gunpowder. 

* Wang Ling (Wang Ching-Ning) was already engaged in this when E first met him in igq4 at the History 
Institute of Academia Sinica, at that time evacuated to Lichuang in Szechuan. He had, T think, been stimu- 
lated to take up the subject by that eminent scholar Fu Ssu-Nien. Féng Chia-Shéng worked with Carrington 
Goodrich before returning permanently to China. 

* Similarlv Davis & Chao Yün-Tshung ig} made a great. contribution to4he history of gunpewder fireworks 
in China. 

Partington's s book has been much appreciated by later writers; e.g, J. E, Smith (1). 

* One thinks of Chou Chia-Hua (7): Liu Hsiei-Chou (22); Wei Kuo-Chung (г and Wei Chà-Hsien (7). 

$ The English translation af this (1), however, contains many errots, aud must be used with caution 
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The progress of enlightenment can be traced in the comprehensive and synth- 
etic study of Sarton (1). When he published his second volume in: 1931 he 
thought that gunpowder had been found out in Western Europe or Syria to- 
wards the end of the +13th century; Chinese origins were not excluded, but 
unproven. The first guns did not come until the second half of the +14th. Sarton 
realised that the machines of the Hsiang-yang siege were trebuchets, but did not 
recognise them as counterweighted.? Then when he finished his third volume in 
1947 he knew about Walter de Milamete,” and he was able to draw upon Wang 
Ling (1) and Goodrich & Féng (1), so he knew of the Chinese cannons of 41356 
and t 1377.5 Although he did not admit China's priority in so many words, and 
was evidently loth to give up the legend of Black Berthold,‘ his accounts clearly 
show that he moved a long way towards the standpoint which we now adopt. 

It is interesting to read the following judicious comment from two Russian 
scholars, Vilinbakhov & Kholmovskaia (1) concerning Western writings. 


Although much of this work made great contributions to the study of the history of 
gunpowder and firearms, it was characterised by very slight knowledge of Oriental 
sources, especially those in Chinese.... The statement by Western scholars that gun- 
powder weapons were known in China only after they had been introduced thither by 
Europeans, does not correspond at all with what actually occurred. The fire-weapons of 
mediaeval China pursued an independent course of development, the logical culmina- 
tion of which was the invention of metal-barrel weapons making use of the propellant 
force of gunpowder.‘ 


With this we entirely agree. 

The conclusions to which we come in our gunpowder epic are generally simi- 
lar to those arrived at by Féng Chia-Shéng, Partington, Wang Ling, Goodrich, 
Arima Seiho, Nambó Heiz, and Okada Noboru.! We have, however, incorpo- 
rated a study of the Chinese military compendia on a scale that has not been 
attempted before; and the results of recent archaeological findings in China have 
also been included. 

It now remains only to direct the reader’s attention to the most useful books 
on the nature and properties of gunpowder itself. Here our standby has been the 
work on the chemistry of powder and explosives by Tenney Davis (17), finalised 
in 1956. Since in modern times gunpowder has taken a back seat, as it were, to 
the nitrate and other organic compounds which give true molecular detonations 
with a supersonic rate of burning,’ the most interesting modern books, such as 
that of Urbański (1)," which deal only with these, are not very useful in the 


а (1), vol. 2, рр. 29, 766, 1034, 1036 f. 

^ Ibid. vol. 3, pp. 722 f. © Ibid. vol. 3, рр. 1548. а Ibid. vol. 3, p. 1581. 

© Their own paper, however, was not at all beyond criticism, containing as it does several mistakes and 
misunderstandings. 

f Some of the older scholars, moreover, were uncommonly perspicacious, notably Laufer (47). A brief 
recent account in Chinese, Anon. (274), pp. 37 f., is also to be recommended. 

& To say nothing of nuclear explosions. 

^ Or Fordham (1). Cf. particularly Bowden & Yoffe (1, 2). 
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present context. On the other hand, it may not be desirable to go back too far, 
though there are books of value dating from before the first world war.* The two 
volumes of Marshall (1) in 1917, and the three of Faber (1) a couple of years 
later, we have found quite helpful; while those belonging to the second world 
war period, such as the very practical book of Reilly (1) which includes accounts 
of slow and quick match, and Weingart (1) on military pyrotechnics in general, 
may also be mentioned. This was the time when the historian of alchemy, John 
Read (3) gave an instructive popular exposition of the subject. As for civilian 
pyrotechny, we have used Brock (1, 2). 

Lastly, in the following pages we shall be giving many accounts of battles in 
China in which gunpowder weapons were used between about +900 and 
+1600. It is therefore desirable to have at hand a comprehensive history of the 
campaigns of East Asian warfare so that one may gain some idea of the strategic 
background of these engagements. Fortunately we now have the valuable com- 
pilation of Chhen Thing-Yuan & Li Chen (7) in sixteen volumes, abundantly 
illustrated with maps and plans." 


(3) ANCESTRY (I): INCENDIARY WARFARE 


In traditional Japan, fire, together with earthquakes, thunderbolts and paternal 
power, were regarded as the four most fearful things in life.“ The awe-inspiring 
and destructive force of fire led to the deployment of incendiaries in warfare 
among all ancient people; and incendiaries of various kinds were assuredly the 
predecessors of gunpowder. Assyrian bas-reliefs dating back to the —gth century 
depict torches, lighted tow, burning pitch and fire-pots thrown at the siege en- 
gines of troops attacking a city.? In —480 the Persians used arrows tipped with 
burning tow to capture Athens,° and the first recorded use of incendiary arrows 
by the Greeks was in — 429 at the siege of Plataea during the Peloponnesian war. 

Technologically speaking, the Greeks seem to have advanced more quickly 
than any other ancient people in the warlike employment of incendiary sub- 
stances.2 In —424, according to Thucydides, the Boeotians besieging Delium 
made use of a long iron tube, moved on wheels and carrying a vessel containing 


* For example Bockmann (1) in 1880; Kedesdy (1) in 1909. 
Accounts of a somewhat similar kind can be found in the older literature, such as that of Hu Lin-I (г), but 

this is by far the most modern and complete. 

© A striking passage on the subject was written by Shiba Kokan! late in the + 18th century, and translated 
by Waley (28), рр. 123—4. 

d Cf. Barnett & Faulkner (1), pl. cxviii; from Layard's drawings. A similar depiction comes from the siege of 
Lachish by Sennacherib (r. —704 to —651); cf. Yadin (1), pp. 431, 434—5 (in colour). 

* Herodotus, History, vim, 52. 
Thucydides, History, u, 75. 
s Cf. Find (1). 
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burning charcoal, sulphur and pitch, behind which was a large bellows which 
blew the flame forwards.* This recalls the bellows described in China by the 
—A4th-century Mohist military writers which blew toxic or irritating smokes 
into the enemy's sapping tunnels.” In the early +2nd century Apollodorus de- 
scribed a similar apparatus using powdered charcoal and intended as a kind of 
fire-setting device against fortifications with stone walls.“ A description of a 
similar apparatus was given by Heron of Byzantium as late as the + roth cen- 
tury.? About —360, Aeneas the Tactician gave the composition of war fire as a 
mixture of pitch, sulphur, pine-shavings and incense or resin filled into pots for 
throwing on the wooden decks of enemy ships or at wooden fortifications. Hooks 
on the containers helped them to stick fast.“ 

In those ancient ages the use of expendable animals also figured tactically 
from time to time. We have an example of this in a text of early Jewish history, 
dating from about — 58о. It concerns the wars with the people of Philistia. 


So Samson went and caught three hundred foxes, and setting them tail to tail, took 
torches and bound them to each pair of tails. And when he had lit the torches he loosed 
the foxes and let them go free, so that they entered into the standing corn of the Philis- 
tines, and burnt up both the shocks and the grain, and not only that but vineyards and 
olive groves too. 


This is particularly interesting because, as will later be seen, expendable ani- 
mals appear in all the medieval Chinese military compendia,* continuing on as a 
means of delivery of gunpowder as incendiary and later as explosive.” Indeed the 
winged rockets of China almost certainly derived their inspiration from the 
wings of birds made to carry incendiaries or explosive weapons.’ 

Fire-arrows were naturally part of the equipment of Reman armies. They 
were mentioned by Vergil (—70 to +19) and Livy (—59 to +17).* There were 
also the malleoli or ‘little hammers’, a type of fire-arrow that could only be ex- 
tinguished by sand but not water, mentioned by Ammianus Marcellinus about 
+390: The inflammable material attached to the arrow consisted of sulphur, 
resin, bitumen and tow soaked in oil, according to Vegetius, writing about the 
same date." After the invention of non-torsion catapults (arcuballista and gas- 
traphetes) under Dionysius of Syracuse in —399. and of torsion catapults by 
Polyidus of Thessaly under Philip H about fifty. years later," this artillery was 


? "Thucydides, ту, 1090 f: Cf. Garlan (1), p. 143 

© See Vok 4, pt 2, рр. 1537-8, and Yates (3), pp. 424 8. 

* Poliorcetikan, in R. Schneider (4). On fire-setting see p. 533 below. 

+ Poliorcetika, in Wescher t1); pp. 219; 244: 

* Poliarcatikon, xxxut, 1v E. Ou this and other ancient references see Hime (1). pp. 25 Е. 

© Judges, 15. 4. * P.aio below. ^ P. 213 below. 

i Р. зоо below. P Aeneid, 1x. 205. * History, xxi, 8. 

i History, xxi, ауу 10-15. р 

?OoRS Militaris Insiitula 3v, 1-8, 18. Partington i 
doubt vegetable oils would also ‘do. 

^ Cf. Marsden (1), pp. 48 5, 57, бо. 





p.a supposed thar the oil was mineral petroleum, but nn 
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often employed, when need arose, to project pots containing incendiary mate- 
rial. Fire-ships and resinous torches had been used at the siege of Syracuse in 
—419;* and the Phoenicians also used fire-ships to burn the works on the mole 
made by the Macedonians at the siege of Tyre in — 332.” After —323, the year of 
the death of Alexander the Great, the use of incendiary missiles became common 
practice among all troops of the Mediterranean cultures. In — 304 fire-ships and 
resinous torches were again employed in the siege of Rhodes.* Burning spears 
(ardentes hastae) hurled by catapult artillery were described by Tacitus fe +60 to 
+120). And so it went on, down to the conclusion of the Gothic магз.“ 
‘Automatic fire’ (pyr automaton, np "xvtóuatov) was also used in antiquity, but 
how much military value it had is doubtful, for it depended on the spontaneous 
inflammation of quicklime mixed with combustibles such as sulphur and petro- 
leum when wetted.’ The heat evolved is enough to light the incendiary mix- 
ture. The term itself was first used by Athenaeus of Neukratis about +2002 
According to Viellefond’s edition of the Kestoi of Julius Africanus (с +225), as 
interpreted by Partington,’ it consisted of equal parts of native sulphur, rock 
salt, incense, thunderbolt stone or pyrites, all ground in a black mortar in the 
midday sun and mixed with equal parts of black sycamore resin and liquid 
Zakynthos asphait to make a greasy paste. Some quicklime was then added and 
the mass stirred carefully at noon, the body being protected as the composition 
was liable to take fire quickly. It had to be kept in bronze boxes tightly covered 
until it was needed. It was to be smeared on the ‘engines’ (hopla, ón4«) of the 
enemy and when the morning dew wetted it, all would be burnt. Automatic fire 
recipes also appear in the Liber Jgnium' and in De Mirabilibus Mundi; + 13th- 
century works already discussed (p. 40 above). One may conclude that mix- 
tures of quicklime with combustible materials, if stowed away secretly in unex- 
pected places, might produce some mysterious conflagrations, but the technique 
can never have been of much use either on land or sea; in the latter case (provided 
means were used to prevent the material from sinking) the combustion would 
have been mild, quiet and harmless, apart from some element of surprise.* 
Fire-weapons were also used in the ~ 1st millennium in India. The Mahàb&árata 
epic often mentions the use of inflammable materials such as resin or tow in 
* Thucydides, History, vit, 33. 
© Arrian, Exped. Alexander, ti. 1g. 
^ Diodorus Siculus, xx. 86. 
= History, iv, 23. Partington (5; calis these 
very misleading here. 
* Ammianus Marcellinus (c. +390), Хх, iv, 14, i5 
Many have tried to repeat this but not evervone has been able to do it. Marshall (1), vol :, pp tu- t3 
could not make it work. but Partington's friend Richardson (1? fully succeeded. 
i i зеш the tricks of one Xenophon the Wonder-worker, a conjuror. 
i ih is calx non extincta, Partington (5). p. 47: 
2 Partington (5). p. 85, text and translation. 
* Cf Zenghelis (15. We shall hear later oo (р: 165} of a famous-Chinese naval-batde of + rr6r ac which 


quicklime was used in bombs of some kind. as also other examples of the same, but this seems to have been 
because of lis irritant properties when dispersed in smoke rather than as an igniter of incendiary substances. 


є ‘fite-lances’, but id view of what is ta come, the term would be 
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battles.? There are many recipes for incendiary mixtures, toxic smokes and similar 
devices in the Arthasastra,” including showers of firebrands, and fire-pots hurled 
from catapults of some kind. The troops of Alexander the Great encountered 
fire-weapons in India in —326. The Oxydraces, a people of the Punjab, were 
particularly renowned for this.‘ When Apollonius asked why Alexander the Great 
had refrained from attacking them, he was told that 


these truly wise men dwell between the rivers of Ganges and Hyphasis. Their country 
Alexander never entered, deterred not by fear of the inhabitants but, as I suppose, by 


religious motives, for had he passed the Hyphasis he might doubtless have made himself 


master of all the country round— but their cities he never could have taken, though he had 
a thousand men as brave as Achilles, or three thousand like Ajax; for they come not out 
into the field to fight those who attack them, but rather these holy men, beloved of the 
gods, overthrow their enemies with tempest and thunderbolts shot from their walls. It is 
said that the Egyptians Hercules and Bacchus, when they invaded India, attacked this 
people also, and having prepared warlike engines attempted to conquer them; they in the 
meantime made no show of resistance, appearing perfectly quiet and secure, but upon the 
enemy's near approach they repulsed them with storms of lightning and flaming thunder- 
bolts hurled upon their armour from above.* 


This was a remarkable description of incendiary warfare. The element of 
‘thundering’, which occurs not only here in the words of Philostratus (d. +244), 
but in the many accounts of Crusade battles a thousand years later, has deceived 
many into supposing that true explosions or detonations of gunpowder were 
meant;* but in fact the forced draught during the rapid aerial trajectory of large 
containers of combustibles is enough to produce the effect. 

Much confusion also has been caused by Sanskrit terms such as agni astra, 
which undoubtedly meant ‘fire-arrow’ in the classics, but was later given the 
meaning of ‘cannon’.' The word Sataghni ‘killer of hundreds’, also appears in the 
Sanskrit classics, and led some scholars into believing that gunpowder was known 
and used in India before the end of the — 151 millennium, a conclusion which 
cannot be sustained.* Again, it has been said that at the battle of Biyanagar in 
+1368 the Hindus used 'araba against the Muslims. The modern meaning 


^ McLagan (1); Winter (1). The work contains material from —200 to +200, with later additions. 

> Attributed to Kautilya, c. —300, but as we have it now containing further material as late as the +5th 
century. See the translation of Shamasastry (1), pp. 57, 92. 154, 424, 451. 458, 468; and Partington (5), p. 210. 

© On the Oxydraces see the Anabasis Alexandri of Arrian (+96 to + 180), v, 22 and vi, 4, 11, 14, but he makes 
no mention of incendiary weapons (tr. Brunt, 1). 

3 Life of Apollonius of Tyana, u, 33. Accounts of this got into Japanese, cf. Arisaka Shozo (7), vol. 2, 
pp. 113-14 and Arima Seiho (1), p. 3. 

© Jt certainly deceived Francis Bacon, who in his essay on ‘Vicissitude of Things’ (+1625) wrote: '... we see 
that even weapons have returns and vicissitudes; for certain it is, that ordnance was known in the city of the 
Oxidrakes in India; and was that which the Macedonians called thunder and lightning and magic. And it is 
well known that the use of ordnance hath been in China above two thousand years’ (Essay 58, Montagu ed., 
vol. 1, p. 192; Spedding & Ellis ed., vol. 6, p. 516). 

Here is yet another example of the tendency of things to change radically while the words denoting them 

remain the same. 

= Details in Partington (5), pp. 211 & The authors and poets of ancient India had a particular fondness for 
fabulous weapons. 
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of this word is certainly ‘gun-carriage’, but originally it meant simply a cart as 
such. Hime saw that the historian Firishta (d. с. +1611) fell into this trap by 
interpreting the passage to imply field-artillery unjustifiably, and other histo- 
rians did the same.* 

In an abortive attack on the fortress of Rantambhor in +1290 the sultan Jala 
al-Din ordered maghribiha machines (i.e. trebuchets)^ to be erected, but later the 
besieged forces constructed their own. When the fort was successfully besieged 
in +1300 the Hindus inside 


collected fire in each bastion; and every day the fire of those infernal (machines) fell on 
the light of the Muslims. As there was no means of extinguishing it they filled bags with 
earth and prepared entrenchments.... Later the royal army made vigorous attacks, 
rushing like salamanders through the flames that surrounded them... .° 


During the siege of Bhatnir in +1398 the Hindus ‘cast down arrows and stones, 
and (incendiary) fire-works’ upon the heads of the assailants." The elephants in 
the army of the sultan Mahmud, which Timur defeated at Delhi in +1399, 
carried throwers of grenades (ra'd-andazan), fireworks (atish báz1) and launchers 
of rockets (taksh-andazan).° By this time of course explosive gunpowder bombs 
would have been only too available, and rockets as well, but the second weapon 
mentioned looks like the old incendiary fire-pots. 

In China fire as an arm of war has been recognised at least since the classical 
—4th-century military handbook, the Sun Tzu Ping Fa!, where ch. 12 is entirely 
devoted to it." Apart from incendiary methods to set alight the enemy’s weapon- 
stores or provisions, the most interesting reference is to ‘dropping fire’ (chui 
huo^?); a phrase which has caused a lot of trouble to commentators 
through the ages, but which is most plausibly interpreted, as since the Thang it 
has been, to mean fire-arrows shot into the enemy’s camp." The use of fire in 


^ Hime (1), p. 80. Partington (5), p. 216 shows that copyists and eighteenth-century translators of Firishta 
were very uncritical in their use of words connected with guns and artillery. 

^. Т.е. machines of Western origin. The Maghrib included all the western regions of the Arabic culture-area 
in North Africa and Spain. But, as we saw above (Vol. 5 pt. 6.), the swape-principle embodied in the trebuchet 
and mangonel was much older in China than in Europe. That, however, the Muslims in India did not know. 

© From the account of Amir Khusrü (d. +1325), in Elliott (т), vol. 3, p. 75, vol. 6, p. 465. Cf. Partington (5), 
р. 218, and Hime (1), p. 83. 

å Timur's autobiography, the Malfizat-i Timiiri, in Elliott (1), vol. 3, p. 424; cf. Partington, loc. cit. 

* The same work, in Elliott (1), vol. 3, pp. 430 f., 439; cf. Partington, loc. cit. 

© See the translations of Giles (11), pp. 150ff. and Griffith (1), pp. 141 f, as well as the transcription into 
modern Chinese done by Kuo Hua-Jo (7). A number of variant versions of the book and parallel texts have 
been found in recent years (see Anon. (270) pp. 86 ff.). Most of them have something about attack by fire. 

€ The texts all write tui? (division or battalion) but chui? was assumed since the characters are often taken as 
interchangeable. Unfortunately the newly discovered Early Han text has a lacuna at this point, but WCTY/CC, 
ch. 11, p. 19a, 6 opts for the first form and meaning. The character could also be sui*, which would suggest an 
underground mine passage, unlikely here. 

^ Amiot, the eighteenth-century Jesuit, misled by tradition (cf. p. 59), attributed incendiary 'bombs' filled 
with weak gunpowder ‘having the effect of Greek Fire’, to Master Sun; ((2), p. 146, Suppl., p. 337, cf. pl. 16, 
fig. 77, explanation, p. 361). Here he was unquestionably wrong. 
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battle is also mentioned in a Chhin and Han military handbook, the Liu Thao! 
(Six Quivers), which has the semi-legendary Chiang Shang’ as its putative 
author.* Two famous early battles deploying incendiaries are often retold in 
Chinese history. The first is the ingenious use of fire and expendable buffaloes by 
Thien Tan? in —279 when he defended the last stronghold of Chhi* State and 
repelled the superior invading force from the State of Yen?.^ After winning this 
decisive battle Thien Tan recovered more than seventy Chhi cities which had 
previously fallen into enemy hands.* The other is the complete destruction of 
Tshao Tshao’s® Wei fleet by fire at the Battle of the Red Cliff in +208 by the 
forces of Shu? and Wu under the combined command of Chuko Liang’ and 
Chou Yü*: Fire-ships (Fig. 5) were indeed very important in Chinese naval 
engagements through the centuries, for example the Po-yang Lake battles of 
+1363 in which Chu Yuan-Chang and his admirals overcame all their adversar- 
ies.’ Incendiary arrows using burning tow are described in all the military 
handbooks, such as the Thang Thai Pai Yin Ching? written by Li Chhüan" in 
c 759,5 and the Sung Hu Chhien Ching! of +1004 by Hsü Tung"." 

Incendiary weapons in the form of projectiles hurled towards the enemy lines, 
or let down from city-walls over besiegers, are described in the Wu Ching Tsung 
Yao of +1044. For example, it speaks of two of the second sort as follows: 


On the right is a drawing of the ‘swallow-tail incendiary’ (lit. torch, уел wei chi'?). Straw 
is fastened together in a divided shape like the two parts of a swallow's tail, and soaked 
in oil and fat. After ignition it is let down on the enemy approaching the city walls so that 
it destroys their wooden structures (scantlets, etc.) by fire. 


Cf. WPC, ch. 5, p. 25a, b. Alternatively, Lü Wang.!5 

A number of texts on incendiaries carried by expendable animals were collected in Pfizmaier (98), p. 6. 
WPC, ch. 29, pp. 75, 8a; Giles (11), p. 91, translating a Sun Tzu commentary. 

Amiot also ascribed the use of explosive land-mines to Khung-Ming!? (i.e. Chuko Liang), saying that he 
had set off ‘earth-thunder’ (ti /ei1*) about +200; (2), Suppl., pp. 331-2, 336. Indeed he was better at this than 
any other general of his time: 'On sait d'ailleurs, à ne pas en douter, que dans leur maniére de combattre par le 
feu, ils employoient le salpêtre, le soufre et le charbon, qu'ils méloient ensemble en certaine proportion; d'où il 
résulte qu'ils savoient faire le poudre à tirer, bien des siécles avant méme qu'on se doutat en Europe que cette 
invention existoit.' Amiot was justly criticised by Hime (1), p. 90, for not appreciating the difference between 
an explosive and an incendiary. But on the main issue he was quite right, albeit for the wrong reasons. Cf. 
Partington (5), pp. 238-9, 251—2. Amiot reproduced many drawings in copperplate form of fire-lances, bom- 
bards, mines, etc., from Chinese books that we know well and use in this Section (cf. pl. 15, figs. 67-71, pl. 16, 
figs. 72—80, pl. 29, fig. 136, this last the wheelbarrow rocket-launchers). 

* Cf. Wieger (1), vol. 1, p. 827; WPC, ch. 26, pp. 215, 22a. 

© See Dreyer (2). 

E E.g. ch. 35 (ch. 4), р. 25, ch. 38 (ch. 4), р. 80. The first of these accounts describes how arrows were first 
sent over having gourds of oil attached which on breaking spread it about all over the houses, towers and 
wooden structures of the enemy; then later volleys of burning arrows ignited it all. The second says that 
arcuballistae shooting with a range of 300 paces should be used. 

^ E.g. ch. 54 (ch. 6), p. 5a, ch. 66 (ch. 6), p. 14a. 

i WCTY/CC, ch. 12, рр. боа, 61a. For the yen wei chi and fei chi see also WPC, ch. 130, 23a, 6, 244,5. 
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Fig. 5. Fire-ships, from WCTY, ch.11, p. 26a. 


The ‘flying incendiary’ (fei ch!) is shaped like the swallow-tail incendiary, and let 
down on an iron chain from a swape lever set up on the city wall. These will burn enemy 
troops even when attacking in great numbers. 


The significance of the swallow-tail shape is not evident unless one realises that 
battering-rams and other offensive machines were brought up under cover of 
temporary wooden structures with wheels and ridged roofs; the incendiary de- 
vice would rest astride these and set them on fire (Fig. 6). Another page de- 
scribes a projectile.* 


а WCTY/CC, ch. 12, pp. бда, 65a. 
RE 
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Fig. 6. The ‘swallow-tail’ incendiary device, for letting down on the roofs of siege machinery housings from the 
walls of besieged cities. WCTY, ch. 11, p. 60a. 
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The ‘igniter ball’ ( yin huo chhiu') is made of paper round like a ball, inside which is put in 
between three and five pounds of powdered bricks. Melt yellow wax and let it stand until 
clear, then add powdered charcoal and make it into a paste permeating the ball; bind it 
up with hempen string. When you want to find the range of anything, shoot off this 
fire-ball first, then other incendiary balls can follow. 


Such a blazing projectile would certainly have set the enemy's huts or trebuchets 
on fire, as well as giving an idea of the distance at which your own trebuchets 
would have to aim (Fig. 17). But in the Wu Ching Tsung Yao there are not so 
many of these specifications, since most of the incendiary projectiles by this time 
contained low-nitrate gunpowder, as we shall see in the appropriate place 
(p. 149 below). 


(4) МАРТНА, GREEK Fire AND PETROL FLAME-THROWERS 


Among all the combustible substances which would be used in war, naturally 
occurring mineral oils came to take more and more importance. The knowledge 
of petroleum and its congeners goes back in all nations to high antiquity? 
Already we have discussed it in relation to China in more than one place,” here 
we have to concentrate on its use in war. Seepages of natural oil were made use 
of both in east and west for many purposes, varying according to its composi- 
tion, whether heavy oil, sulphurous or waxy, or the lighter, lower boiling-point, 
fractions that got the name of naphtha. 

A Greek physician at the Persian court, Ktesias of Cnidus, writing in the 
neighbourhood of —398, reported a story about an oil derived from a gigantic 
worm (scolex, ax@Ayé) living in the Indus River, an oil which was capable of 
setting everything on бге.“ The tale was repeated by Aelian (d. +140)4 and 
Philostratus (d. +244). The latter said that the white worm was found in the 
Hyphasis River in the Punjab, and that the oil made by melting it down could be 
kept only in glass vessels; when once set on fire it could not be extinguished by 
any ordinary means. Naturally occurring naphtha was most probably the basis 
of the legend.’ 

Persian naphtha®, which the Greeks called ‘oil of Media’, was well known in 
the time of Alexander the Great when he captured Babylon in — 324. Pliny wrote 
about an ‘inflammable mud’ called maltha found at Samosata on the Euphrates." 
Petroleum was described at length by Vitruvius! and ‘white naphtha’ was prob- 


Here the studies of Forbes (20, 21) are important guides. 
Vol. 3, pp. 608 f., Vol. 4, pt. т, pp. 66—7; Vol. 5, pt. 4, p. 158. 
See McCrindle (2) and Partington (5), pp. 209, 231. 
De Nat. Animalium, v, 3. * Life of Apollonius of Tyana, m, 1. 

" Here the view of Partington, loc. cit., has general assent. 

£ The word itselfis of Iranian origin. The great oilfields of Batum and Baku must have been the origin of the 
material and the stories. 

^ Nat. Hist. n, 108-9. i De Architectura, vm, 3. 
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ably petroleum purified by filtration through fuller's earth. These substances 
were all used as incendiaries in warfare, as for example against Maximinus 
when he captured the town of Aquileia? They found employment more and 
more, as by Genseric, king of the Vandals, to destroy a Roman fleet in +468,° 
and m +551 when Petra in Colchis was being defended by the Persians." By this 
time the composition was getting more complicated, sulphur, resins, bitumen 
and tow being mixed with the incendiary oil; as we know from the recipe that 
Vegetius gives? for fire-arrows about +385. 

From the beginning of the Arab conquests their armies acquired particular 
skill in the use of naphtha as a war-weapon. Special corps of naffatin in fireproof 
suits were formed to handle it. Already in +712 at the siege of Alor in India the 
Muslims used atish bdzi, or incendiary projectiles developed on the basis of what 
they had seen in use by the Byzantines and Persians. They threw hugqaha-i atish 
2421, probably naphtha pots," at the howdahs on the elephants, making them 
rush away in рапіс. In +904, at the siege of Salonika, they used earthenware 
grenades filled with pitch, oil, quicklime and other materials. When Jerusalem 
was attacked in + 1099 the Saracens hurled flaming balls of pitch, wax, sulphur 
and tow against the machines of the Crusaders." When the Turks were besieged 
in turn in Nicaea they took similar defensive action.’ At the siege of Assur, all in 
ihe same year, the Turks set ablaze a tower using iron stakes wrapped in tow 
soaked in oil, pitch, and other combustible substances, and it was said that the 
fire could not be extinguished with water. During the Second Crusade (+1147 
to +1149) the Arabs again used naphtha. In +1168 Shawar employed 20,000 
barrels of petroleum to burn down the city of Fustat (Cairo) to prevent its recap- 
ture by the Franks.* At the time of the Third Crusade (+ 1190, +1191) during 
the siege of Acre, ‘boiled naphtha” and other incendiaries contained in copper 
pots (marmiles) were thrown at the attack towers of the Christians, successfully 
destroying them by fire." Thundering tubs of incendiaries thrown from tre- 
buchets were used in all the battles of the Seventh Crusade (+1249), when St 
Louis of France and the Sieur de Joinville were there to record it.” Such was the 


? Herodianus (d. +240), History, vin, 4 

* Lebeau (1), vol. 7, p. 16. 

* Agathias (c. +570), History, ut, 5; Lebeau (1), vol. 9. p. 211. 

5 Reb Militaris Instituta, зу, 1—8, 18. Many other references have been collected by Partington (5), pp. з. 

^ Mercier (1) has given us the most detailed survey of surviving specimens of these ceramic naphtha con- 
wainers CE Fig: 3. 

г Ной (1), vol, T, p. 170, vol. 6, p. 462; Partington (5). pp. 189. 2:5. On the other hand, Shaly Rukh’s 
ambassador to India in -^ 144r; Abd al-Razziiq, reported on the naphtha-throwers mounted on the backs of 
elephants. 

3: Actording to Joannes Kameniata, De Excidis Thessaianiceast; cl. Partington (5), pp. 14. 37. 

* Raymund de Agiles, in Bongars (1), р: 178; ef, Partington (5), pp. 22-3. 

William of Tyre, iu Bongars (1), pp. 6yo- 1. 
Albert of Aachen, in Bongars (1), рр: 198; 294-5. 

* Mercier (13; p- 73. 

l "This sourds uncommorly-like distilled petecleum, the essential secret of Greek Vire tp. 76 below). 

"Bahá'al-Din, in Reinaud, Quatremére zt af. (13; Orientaux, vol. 3, p. 155. 

9 Partington (3), pp. 25-6. 
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character of incendiary warfare down to the very century when the knowledge of 
gunpowder was making its way to the Arab and European cultures.* 

Petroleum is called in Chinese shih yu’, presumably as an abbreviation of the 
old term shih nao yu? (mineral-brain oil) Natural oil seepages were already 
being used in China in late Chou times (—5th century onwards). Thang Méng" 
described one about +190 in the district of Yen-shou*, calling it shih chhi? 
(stone lacquer), because it was dark to begin with and gradually got darker.* A 
similar account was given in one of the commentaries on the (Hou) Han Shu, which 
says that 


south of Yen-shou among mountain rocks there oozes out a liquid looking like uncoagu- 
lated fat. When burnt it generates an intense brightness, but it cannot be consumed as 
food (or used for frying). The local people call it ‘mineral lacquer’? 


Not long afterwards Chang Hua recorded an event of about +270 when stores of 
oil in an arsenal caught fire, suggesting that petroleum was included in Chin 
army supplies." In Thang times natural petroleum was still a wonder. Tuan 
Chhéng-Shih? had an entry for it in his Yu- Yang Tsa Tsu’ finished about +860: 


Mineral lacquer is found in Kao-nu Asien: (they call it) ‘rock-fat liquid’ (shih chih shui®). Tt 
floats on the surface of the water like lacquer (i.e. dark in colour). People use it for 
greasing their cart axles, and when burnt in lamps it gives a bright flame. 


Petroleum was produced at тапу places in China. Li Shih-Chen wrote:* 


Mineral oil (shih yu!) is no: found only in one location. In Shensi province it comes from 
Su-chou?, Fu-chou'®, Yen-chou" and Yen-chhang", while many places in Yunnan and 
Burma produce it, as well as Nan-hsiung? in Kuangsi. It flows out from the rocks and 
mixes with the spring water, gushing and gurgling. It is oily like the juices of cooked 
meat. The local inhabitants sop it up with straw and put it in earthenware pots. It is 
black in colour, rather resembling fine lacquer, and has an odour of realgar and sulphur. 
Many local inhabitants use it for burning in lamps, which shine very brightly. When 
water is added, the flame only becomes more intense. This oil is inedible, but it gives a 
thick smoke. When Shen Tshun-Chung ? (i.e. Shen Kua) was an official in the west he 


* itis not always possible to be sure, from the numerous descriptions, when petroleum itself was being used, 
and when the effects were due to preparations of Greek Fire type. 


PTKM, ch. g (p. 94) f. R first got into the pharmaceutical natural histories in the Chia Yu Pin Tihao oi 
7 1032. The term skih nao ya should not be confused with sih nao, the ciodetn name for paraffin wax. 
< We gave the transiation in Vol. 3, p. Gog. 
* Pin Tshao Kang Mu Shih 1, ch. s, p. 615. where four pages of information are collected. 
Po Wu Chik, ch. 4, p. 3a; we already gave the transiation in Vol. 4, pt r, p. 66. 
Ch. то, p. 25, tr. auct. 
PTKM, ch. o (p. 94). tr, auct, Cf. the new treatise edited by Shen Li-Shefig (г). 
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collected the soot to make ink with; the product was black and lustrous like lacquer, and 
superior to that made from pinewood lamp-black?. 


Petroleum was discovered in different parts of China at different times in his- 
tory. Li Shih-Chen quotes an example from the +16th century when oil was 
found іп Chia-chou! (in modern Szechuan). He says: 


During the last year of the Chéng-Té reign-period of the present (Ming) dynasty (i.e. 
+1521) oil was accidentally found during the process of digging salt-wells. When used 
for illumination at night it gave twice the brightness (of ordinary lamps). When water 
was sprinkled over it the flame became more intense than before, and it could only be 
extinguished by stifling it with ashes. It gave off an odour of realgar and sulphur, so that 
the locals called it Asiung-huang yu? and also liu-huang yu’. Several more wells have recently 
been opened and they are all managed by the government. This is also shih yu (pe- 
troleum) only it comes from wells. 


Chinese scholars also noted the occurrence of petroleum in other countries. 
For example, quoting from a late Buddhist tractate, the Chhiu Shéng Khu Hai*, 
Chao Hstieh-Min says: 


Burma (Mien-Tien) also produces shih yu, which is the same as shih nao yu. It flows out 
from crevices in the rocks, and has an unbearably pungent smell. It is black in colour, It 
can be used to apply to sores, and is good for treating boils. 


This was not surprising, in view of the great oilfields worked in Burma in mod- 
ern times. And many other similar statements could be quoted. 

There can be little doubt that naturally occurring petroleum obtained from 
seepages or wells was used in China through the centuries for military incendi- 
ary purposes.‘ But a different chapter opens when the phrase méng huo yu? (fierce 
fire oil) makes its appearance, for while native petroleum, shih yu, had been 
known for so long, the new appellation is found only from the beginning of the 
+ 10th century onwards. We think that wherever it occurs it means preparations 
like Greek Fire. 

What then was the difference between natural mineral oil, petroleum, as such, 
and the artificial inflammable gasoline that was called Greek Fire? The answer 
can today be given in a few words, because Partington demonstrated (in so far as 
it is ever possible to prove anything in the history of chemistry) that Greek Fire 
was essentially petroleum distilled." This liquid rectified petroleum would have 


a On this subject we gave a translation of the whole of Shen Kua's own account in a passage from MCPT, 
ch. 24, para. 2; see Vol. 3, p. 609. 

> PTKM, ch. 9, loc. cit., tr. auct. 

© Pén Tshao Kang Mu Shih 1, ch. 2, p. 625, tr. auct. 

9 There is no mention of it, however, in the Mohist military chapters. But Dr Phan Chi-Hsing informs us 
(priv. comm.) that the Lüshun Museum contains at least one hollow ceramic container similar to those de- 
scribed by Mercier (p. 44 above); it was excavated at Ta-lien about thirty years ago. There is a hole for filling 
and for the fuse. Cf. Fig. 4. 

* (5), pp. rof., 28 f. Cf. Marshall (1), vol. 1, pp. 12—13. Lebeau (1) in 1827 (vol. 9, p. 211; vol. 11, p. 420) 
was perhaps one of the first to suggest that distillation was the key to the matter. 
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been not unlike the volatile petrol which everyone is familiar with today, and 
consisted of the low boiling-point fractions containing relatively short-chain 
hydrocarbons which come over when petroleum is distilled. Undoubtedly many 
of the later accounts of naphtha 'grenades' had to do with its use in such break- 
able bottles. But we know that the Byzantines (who first invented it) used it in 
‘siphons’ (gigwv),* i.e. projector-pumps or flame-throwers. As Partington 
reflected, petrol alone would float, still fiercely burning, around enemy hulls,” 
but it would dissipate rather quickly, and carry anly a short distance; for these 
reasons (as the texts show) it was thickened with resinous substances dissolved 
in it^ and perhaps sulphur also.4 

The significance of the distillation of petroleum in the Greek world is very 
considerable. At an earlier stage we described the four classical still types (the 
Chinese, Mongolian, Gandharan and Hellenistic)‘, and we know now that all of 
them were about equally effective from the physico-chemical point of view.‘ The 
distillation of oils is not at all prominent in the Alexandrian-Byzantine Corpus 
Alchemicorum Graecorum®, perhaps not even detectable, but there was no reason 
whatever why some daring experimenter should not have tried it by the middle 
of the +7th century.” Indeed, like gunpowder itself, it was almost bound to 
соте.! 

Greek Fire is опе of those inventions which can be dated rather exactly. 
Theophanes, who finished his Chronographia in +815, described how the Arabs 
continually attacked Byzantium from +671 to +678. But they finally gave up, a 
major factor in their defeat being the chemical process introduced a few years 
earlier! by an architect-engineer named Callinicus who came from Heliopolis.* 


* This was the word that had been used for the double-acting force-pump for liquids invented by Ctesibius 
in the —2nd century and improved by Heron of Alexandria. Cf. Vol. 4, pt. 2, pp. 141, 144, as also Vitruvius, De 
Archit, x, vii, and Neuburger (1), p. 299; Usher (1), 1st ed., p. 86, 2nd ed., p. 135. We generally call siphons as 
understood today examples of the ‘true siphon’. 

^ Hence the name ‘sea-fire’ (thalassion pyr, 0x4ácat0v пёр) in Theophanes. 

© Closely similar reasoning led in contemporary times to the invention of ‘napalm’ (the word deriving from 
naphthenate + palmitate). This is essentially petrol or gasoline thickened to a jellylike consistency by the 
incorporation of a mixture of aluminium soaps. Its extremely controversial use in incendiary anti-personnel 
bombs need not be enlarged upon here. 

3 One of the greatest occasions of controversy has been whether or not Greek Fire contained saltpetre, as 
many, e.g. Lalanne (1, 2); Reinaud & Favé (1, 3); Berthelot (9), (10), p. 98, (13, 14); Mercier (1); Oman (1), 
p. 546; Brock (1), pp. 232—3; Forbes (21), have thought that it did. But the history of saltpetre makes this quite 
impossible. Von Romocki (1), vol. 1, р. 7, stood out against the idea even when it was most prevalent—but 
unfortunately he himself fell for quicklime. 

© See Vol. 5, pt. 4, pp. 80 ff. 

f Butler & Needham (1). 

€ Berthelot & Ruelle (1). 

^ On the distillation of essential oils, turpentine, pitch, etc. in Roman times, see Partington (5), pp. 30-1. 

* Among further sources of information on Greek Fire (unenlightened by Partington's insight) we may 
mention Oman (1), vol. 2, pp. 46 f; Forbes (4а), pp. 28ff. (44), pp. 95 Е. (unreliable on China); Diels (1), 
pp- 1:08 £; von Lippmann (22), pp. 131-2; Hime (1), pp. 27 ff. In 1904 Hime (2) had been an adherent of 
quicklime, but abandoned it in favour of calcium phosphide, an even more implausible idea. 

! The exact date is not clear, but it would have been in the neighbourhood of +675. Also it seems that the 
invention was perfected by Callinicus after his arrival in Byzantium. 

* Whether that in Syria or in Egypt is uncertain. But in either case he would have been well in the Hellenis- 
tic proto-chemical tradition, described in Vol. 5, pts. 2 and 4. 
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The defending ships of the Romaioi (as the Byzantine Greeks spoke of them- 
selves) were now all ‘siphon-bearing’ (siphonephorot, cidwvoddpor) and they sys- 
tematically set the enemy craft on fire, as well as burning those aboard them. 
Further information on these petrol flame-throwers? comes from many sources, 
for example the Tactica of the Emperor Leo, written in the +8th or +gth cen- 
tury.” He tells us of the iron shields protecting the men working the bronze 
flame-thrower pumps, and of the rumbling thunderous noise made by the blaz- 
ing jets," a notice which indicates that the apparatus must sometimes have been 
of considerable size, though others were hand-held.? One account says that the 
pumps were worked by compressed air, which could mean that the petrol was 
forced out of the tanks by some sort of piston-bellows.* Another implies that 
flexible pipes formed part of the apparatus.’ It could be directed to left or right at 
the will of the operator, or even at a howitzer trajectory to descend on enemy 
ships from above. The mouths of the tubes^ were often given the shapes of 
animal heads. 

A graphic account of the use of Greek Fire in a sea-fight between the Byzan- 
tines and the Pisans in +1103, based on Anna Comnena's book, is given by 
Oman in his second volume, and it is worth reproducing here because it gives 
us some idea of what the Chinese flame-throwers shortly to be discussed (p. 82) 
were like in practice. By her time these had been standard army equipment in 
China for a couple of centuries. 


This leads one to propose a question whether all the medievai tales of fire-breathing dragons may noi 
derive from the Byzantine petrol flame-thirower? For example, the Anglo-Saxon epic poem Beowulf has a rather 
graphic descri iption of flame às a weapon during the last combat of this Swedish hero with a fire-spouting drake 
or ‘wild worm’; cf. Morris & Wyatrtr., pp. 137 Ё, esp. p. 152; Ebburt (1). Although the oldest MS. of the poem 
is of the late + 10th century, and the historical characters refer red to belong to the +6th, the composition itself 
must be of the early +81; cf. Klaeber (1), p. cxiii. As is well known, the Scandinavians were long in close 
icüch with Micklegard (Byzantium), and would at least have heard of Greek Fire ‘siphons’. 

It is true that the ancient. Greck giant-monster Tvphoeus, who fought against Zeus, was said to send forth 
fire {тота eyes and mouth (Homer, Л n, 752; Hesiod, Theog. 306, 820; Pindar, Pyth. i, 15; Aeschylus, Prom. 355); 
but Roscher's Lexicon takes him to have been a personification of volcanic fame. Significantly, he was a son of 
Gaea and Tartarus. At апу rate Callinicus may have been responsible for a considerable amplification of the 
fire-breathing dragon motif. Thanks are due to Prof. Charles Brink for discussing this question with us. 

Ў Depending on his identification, whether Leo ИТ the Isaurian (г. +717 to +741) or Leo VI the Armenian 

г. -886 to +911). 

* GL p. 68.above. Tt does not imply detonation. 

" Тайна, XIX, б. 517. 

* Joannes Kameniata, De Excidio Thessalonicense, in Corpus Script. Hist. Byzant., pp. 534. 536, speaking of the 
siege of Salonika in 4904. 

Ё Constantine VIE tr. Кар? io 945). Тапса, in his Opera, vi, i348. Cf. Sarton £1), vol. v p. 656; Previté- 
Orton: (13, vol t, p. 257 

= feo says this, as does Anna Comnena (b. +1083), daughter of Alexios I Komnenos, in her biography of 
her father (Alexias, xt, 10), CL Rose (1) 

* Recently а tapered bronzé pipe. possibly part of a ‘siphon’ pump, has been found in the underwater 
excavation of a. +7rh-century Byzantiae ship, the “globe wreck’, west of Bodrum and north of Cas. See Frost 
11), рр. 1686-70174. 

‘Apart from the military "Plánimenwerfer" (used mainly by che Germans in the first world war, and by the 
Americans in the second), the chief lirieal descendant: of the device is the humble blow-torch or blow-lamp, 
which emits the flames of methyl alcohol under pumped air-pressure, for burning off old paint and suchlike 
uses. 
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She says that her father [Alexios], knowing that the enemy were skilled and courageous 
warriors, resolved to rely on the use of the device of fire against them. He had fixed to the 
bows of each of his galleys a tube ending in the head of a lion or other beast wrought in 
brass or iron, ‘so that the animals might seem to vomit flames’. The fleet came up with 
the Pisans between Rhodes and Patara, but as its vessels were pursuing them with too 
great zeal it could not attack as a single body. The first to reach the enemy was the 
Byzantine admiral Landulph, who shot off his fire too hastily, missed his mark and 
accomplished nothing. But Count Eleemon, who was the next to close, had better for- 
tune; he rammed the stern of a Pisan vessel, so that the bows of his ship got stuck in its 
steering-oar tackle. Then, shooting forth the fire, he set it ablaze, after which he pushed 
off and successfully discharged his tube into three other vessels, all of which were soon in 
flames. The Pisans then fied in disorder, ‘having had no previous knowledge of the 
device, and wondering that fire, which usually burns upwards, could be directed down- 
wards or to either hand, at the will of the engineer who discharged it’. That the Greek 
Fire was a liquid, and not merely an inflammable substance attached to ordinary mis- 
siles, after the manner of fire-arrows, is quite clear from the fact that Leo proposes to cast 
it on the enemy in fragile earthen vessels which may break and allow the material to run 
about—as also from the name pyr enygron. (nip ѓуруроу) or "liquid fire’ which Anna uses 
for it.^ 


Extremely few illustrations of the Byzantine flame-thrower apparatus (the siphon 
or strepia) have survived,” and no accounts whatever of their construction or 
manner of operation. Perhaps this is because they were for so long a time class- 
ified as ‘restricted information’ by the Byzantine War Осе, and then, in the 
+rith or +12th century, when they could have been described in Arabic? the 
cra of gunpowder, even if weak in nitrate, was already on the horizon. So it is a 
precious circumstance that we do have a complete account of such a pump—-in 
the Wu Ching Tsung Yao, as we shall shortly see (p. 82). 

Greek Fire was used again in naval fight with great success to repel a Russian 
attack on the city in +941,° and again in + 1103 against the Pisans near Rhodes," 
and on many other occasions. After the Third Crusade (+1192) the 
Venetians in Byzantium learnt the secret of distilled, low boiling-point, petro- 


* (1), vol. 2, p. 47, mod. auct. 

* Among the best known is a picture ip an + i ith-century MS. (Vatican Cod. 1605), showing a soldier with 
a fame-thrower on top of a wooden structure outside a castle. The weapon looks rather heavy, but it is 
certainly hand-held. See. Feldhaus (1), col. 303, (2), p. 232. fig. 264; Zenghelis (1); Wescher (15, p. 262: 
Cheronis (1). 

Another picture. of a boat with three rowers, and two men at the bow doing something to a wide: 
mouthed tube from which spout diffuse flames enveloping another boat, is also known. Ít has. been published 
by Mercier (1), pl. opp. p. 28 and Previté-Orron (1), vol. з, р. 214, fig. 37. Tt comes from a + r4th-century 
М5. of John Skylitzes in the Bib. Nat. Madrid. MS 3-3. N 2. On this lace +iith-century work see de 
Hoffmeyer (4). 

A third is mentioned by Byron (:). p. 280; a hand-held pipe about 5 ft long with flames issuing from a 
funnel-shaped mouth, in a late MS. (c. +1460) ia the Bibliothéque de l'Arsenal in Paris. 

= Gf Parüngton (5). pp. 20-1. 

Perhaps they were; but the writings have not come down tous. CE pp. 4t f. above. 
Luitprand, Historia ejusque Legatie ad Nicephorum Phocam, v, 6; cf. von Romocki (1), vol. 1, p. 15 
As we have just seen. Аппа Comnena, Alexius; doc. cit. 
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leum fractions,* and by then it was passing over to the Arabs too.” Or rather, it 
was getting widely known there, for already by about +900 there had been 
directions for the distillation of naft in al-Razi’s work Kitab Sirr al-Asrár (Book of 
the Secret of Secrets).° But by +1200 references are numerous, for example in 
the writings of the pharmacist Ibn Muhammad al-Shaizari al-Nabarawi (d. 
+1193),? again in the work of the agriculturist Ibn al-‘Awwam¢ about + 1230, 
then twenty years or so later in the mineralogy of Zakariya ibn Mahmid al- 
Qazwini,' and the pharmacy of Ibn al-Baithar,! finally in the cosmography of 
Shams al-Din al-Dimashqi (d. +1327)." This looks as if it was kept rather dark 
in the t roth and +11th centuries before becoming widely known in the + 13th, 
just as it was about to be replaced by the perhaps more dependable and control- 
lable weapon of gunpowder, first incendiary, then explosive, finally propellant. 

When Richard I of England was sailing from Cyprus to Acre in +1191, he 
captured a Saracen transport ship laden with all kinds of armaments, including 
an abundance of Greek Fire petrol in bottles, which a witness had seen put 
aboard at Beirut. Later the historian ‘Abd al-Latif al-Baghdadi described a 
great parade held in Baghdad in +1228 on the occasion of the reception of a 
Mongolian ambassador; there were ‘soldiers with glass flasks of naft, who filled 
the whole plain with fire’ і The naffatin troops certainly had now something else 
in their armoury than ordinary unprocessed mineral oil, and thence the line ran 
straight and quick not only to the Liber Jgnium (p. 39 above) but also to the book 
of Hasan al-Rammah (p. 41 above), towards the спі of the +13th century. 

If we are right in our identification of méng huo yu,! Greek Fire came into China 
by about +900, just the time when various Byzantine emperors were writing 
about it in their military treatises (p. 78). How it came we shall consider present- 
ly. So far as we know, the very first mention of the ‘fierce fire oil’ occurs in 
connection with a gift from a southern Chinese State to a prince of the Chhi-tan 
Liao Tartars up in the north; and the date was +917. In his Shih Kuo Chhun Chhiu? 
(Spring and Autumn Annals of the Ten Independent States between Thang and 
Sung), Wu Jen-Chhen’ says:* 


* Yet as late as the early nineteenth century in England there was great uncertainty about the effects of 
heating and distilling on all kinds of oils, animal and vegetal no less than mineral. This clearly appears from a 
legal case analysed in fascinating detail by Fullmer (1). 

The ‘cracking’ of the long hydrocarbon-chain oils of petroleum into shorter chain-molecules is of course 
something else again. It was a characteristic discovery or invention of the modern petrochemical industry, not 
put into practice industrially until about 1913 (Sherwood Taylor (4), pp. 270-1, 420). It involves high temper- 
atures and high pressures, as well as the use of metallic catalysts, a field pioneered by Russian chemists such as 
V. N. Ipauev (1867 to 1952). 

Cf. Partington (5), p. 197, on the Saladin military compendium of +1193 (p. 42 above). 

Ruska (14), p. 221. * Wiedemann (28); Wiedemann & Grohmann (1). 

Wiedemann (23); passim. f Ruska (24). # Leclerc (1). 

Mehren (1). All these references were assembled by Forbes (20). 

Ricardi Regis Itinerarium Hierosolymorum, Gale ed., + 1687, vol. 2, p. 329. Cf. Partington (5), pp. 25, 39. 
Von Somogyi (1), p. 119. 

Ch. 2, p. 16a. The passage was quoted by Féng Chia-Shéng (2), p. 17. Tr. auct. 
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In that year the king of Wu-Yüch sent an envoy with fierce fire oil to the Chhi-tan. Не 
said that when they attacked cities they should use this oil to start fires, which would 
burn the buildings and the watch-towers. If the enemy poured water on it, it would burn 
all the more fiercely. The ruler of the Chhi-tan was delighted. 


The fullest version of this occurs, naturally, in the Liao Shih! (History of the Liao 
Dynasty),* but it is preferable to translate the somewhat less diffuse text edited 
for a later historical work.^ In this we read a rather amusing story: 


The ruler of Wu State (Li Pien?)* sent to A-Pao-Chi’, ruler of the Chhi-tan (Liao), а 
quantity of furious fiery oil (méng huo_yu) which on being set alight and coming in contact 
with water blazed all the more fiercely. It could be used in attacking cities. Thai Tsu 
(A-Pao-Chi) was delighted, and at once got ready a cavalry force thirty thousand strong 
with the intention of attacking Yu-chou*.* But his queen, Shu-Lü? laughed and said: 
‘Whoever heard of attacking a country with oil? Would it not be better to take three 
thousand horse and lie in wait on the borders, laying waste the country, so that the city 
will be starved out? By that means they will be brought to straits infallibly, even though 
it takes a few years. So why all this haste? Take care lest you be worsted, so that the 
Chinese mock at us, and our own people fall away.' Therefore he went no further in his 
design. 


Here we can see how the nomadic traditions of cavalry strategy found it hard to 
absorb the new-fangled siege weapon. 

So far nothing has been said about any siphon-like projector-pump. But sure 
enough it appears only a few years later, in fact in +919. The Wu Yüeh Pei Shih’ 
(Materials for the History of the Wu-Yüch State in the Five Dynasties Period), 
written by Lin Yü? only a few decades later, gives us an extremely interesting 
passage. The Wén-Mu King (Wén-Mu Wang?) was in command at an impor- 
tant naval battle when with more than five hundred dragon-like battleships he 
attacked the men of Huai’ at a place called Lang-shan Chiang? (Wolf Mountain 
River). This was Chhien Yuan-Kuan!!, the seventh son and later (+932) the 
successor of the Wu-Su king (Wu-Su Wang”), Chhien Chhiu.? They won a 
great victory over the other side's forces ‘because fire oil (huo yu) was used to 


* Ch. 71, pp. 25, 3a, tr. Wittfogel & Féng Chia-Shéng (1), pp. 564—5. A closely similar text is to be found in 
Chhi-Tan Kuo Chih, ch. 13, p. 15. 

^ TCKM, ch. 54, p. 854, in the commentary to the history of Liang State, but referring to two years later. 
The passage, verbally identical, comes again in Wu Pei Chik, ch. 43, p. 10a, 6. Tr. auct., adjuv. Mayers (6), 

. 86. 


* There is a historical mix-up here, for Li Pien was not the ruler of any State until he set up the Southern 
Thang (Nan Thang) dynasty on the ruins of Wu (= Huainan) in +937. Of course he might have acted as an 
official of Wu before A-Pao-Chi died, in +926. But it is more likely that the person really meant was Chhien 
Chhiu$ (ог Liu), the ruler of another small contemporary State, Wu-Yüeh, with its capital further south, at 
Hangchow. And indeed it is he who appears in the next passage. 

4 Mod. Peking. 

€ Presumably the forces of Huainan (or Wu) State, with its capital at Yangchow. Wu-Yüeh was centred on 
Hangchow. 
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burn them up’. Then the author's commentary goes on:* 


What is ‘fire oil’? It comes from Arabia (Ta-Shih Kuo!) in the southern seas. It is 
spouted forth from iron tubes, and when meeting with water or wet things it gives forth 
flame and smoke even more abundantly. Wu-Su Wang used to decorate the mouths of 
the tubes with silver, so that if (the tank and tube) fell into the hands of the enemy, they 
would scrape off the silver and reject the rest of the apparatus. So the fire oil itself would 
not get into their hands (and could be recovered later). 


And the text goes on to say that in this battle more than seven thousand men 
were captured and over four hundred naval ships destroyed in the conflagration. 

The reason why this passage is of such signal importance is that it probably 
implies the first use of gunpowder in warfare in China. For just over a century 
later we come upon the only surviving description of a Greek Fire flame-thrower 
pump, in the Wu Ching Tsung Yao of +1044, and there gunpowder (Auo yao?) 
makes its first appearance on the stage, used as a slow match to ignite the petrol 
when pumped forth. This description of the flame-thrower, which constituted a 
double-acting double-piston single-cylinder force-pump for a liquid, has already 
been given earlier, in Section 27;> but the translation of the passage in Tséng 
Kung-Liang's text is so essential for our argument that we must repeat it here 


(Fig. 7).° 


On the right is the petrol flame-thrower (lit. fierce fire oil shooter, fang méng huo уй?). The 
tank is made of brass (shu thung*),? and supported on four legs. From its upper surface 
arise four (vertical) tubes attached to a horizontal cylinder (chü thung’) above; they are 
all connected with the tank. The head and the tail of the cylinder are large, (the middle) 
is of narrow (diameter). In the tail end there is a small opening as big as a millet grain." 
The head end has (two) round openings 11 in. in diameter. At the side ofthe tank there is a 
hole with a (little) tube which is used for filling, and this is fitted with à cover. Inside 
the cylinder there is a (piston-) rod packed with silk floss (tsa ssu chang?), the head of 
which: is wound round with hemp waste about + in. thick. Before and behind, the two 
communicating tubes! are (alternately) occluded (lit. controlled, sku’), and (the mechan- 
ism) thus determined. The tail has a horizontal handle (the pump handle), in front of 
which there is a round cover. When (the handle is pushed) in (the pistons) close the 
mouths of the tubes (in turn).* 


* Ch. 2, p. 44, 5, tr. auct, adjuv. Wang Ling (t), p. 167. An abbreviated quotation was given by Féng 
Chia-Shéng (2), p. г}. 

e Vol. 4, pt. 2, p. 145. We refrain, however, from repeating the explanations of the mechanism of the pump, 
ior which the reader is referred to pp. 147 f. there: 

*. (Chhien: chi) ch. 12, pp. 6628; tr. auct; This Hame-thrower was, I think, first introduced to Western 
scholars in-the paper of Wang Ling (ч), рР-166#. 1 like to remember that the text describing it was copied our 
for, us more than forty y years ago by a great scholar, the late Dr Fu Ssu-Nien, long before we possessed a copy. 

5 This interpretation is fixed by TKKW, ch. 8, p. 4a. ch. 14, p. 76, etc. and other late Ming sources; cf. 
Chang Hung-Chao (3); p. 22. The practical use of brass at this date may be noted: 

* ‘Pf this is not the hole in the back wall through which the pump-rod passed (and for this purpose it seems 
rather 100 small}, we cannot explain it. 

* Reading tung? for thung? -8 Like slide-valves. 
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Бик у. Greek Fire (néng huo yu) flamethrower, with tank for the peucl-like liquid and douhle-acting pump 
S 7 = 100. Í F 4 ig pump 
with two pistons so that it works continuously. From ИСТУ. 


Before use the tank is filled with rather more than three caities of the oil with a spoon 
through a filter (sha lo), at the same time gunpowder (composition) {huo yao") is placed 
in the ignition-chamber (Aue lou?) at the head. When the fire is to be started one applies a 
peated br andme ron (fao chui?) (to the ignition-chamber), and the piston-rod (Ва 
chang? is forced fully into the pn UE Dd the man at the back is ordered to draw 
the piston-rod fully backwards and work it (back and forth) as vigorously as possible. 
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Whereupon the oil (the petrol) comes out through the ignition-chamber and is shot forth 
as blazing flame. 

When filling, use the bowl, the spoon and the filter; for igniting there is the branding- 
iron; for maintaining (or renewing) the fire there is the container (kuan!).* The branding- 
iron is made sharp like an awl so that it may be used to unblock the tubes if they get 
stopped up. There are tongs with which to pick up the glowing fire, and there is a 
soldering-iron for stopping-up leaks. 

[Comm. If the tank or the tubes get cracked and leak they may be mended by using 
green wax. Altogether there are 12 items of equipment, all of brass except the tongs, the 
branding-iron and the soldering-iron.] 

Another method is to fix a brass gourd-shaped container inside a large tube; below it 
has two feet, and inside there are two small feet communicating with them. 

[Comm. all made of brass], 

and there is also the piston (tsa ssu chang?)." The method of shooting is as described 
above. 

If the enemy comes to attack a city, these weapons are placed on the great ramparts, 
or else in outworks, so that large numbers of assailants cannot get through. 


And he goes on to say that in the defence of cities rolls of blazing straw should 
first be thrown down from the walls on to the assault bridges. The burning 
petrol does immense damage to enemy personnel, and water will not put it out. 
In naval fights it will burn and destroy floating bridges as well as wooden battle- 
ships. Also if directed upwards, matting fragments and chaff and any dry 
vegetable material should be thrown up first into enemy towns or camps; this 
will quickly catch fire and give rise to conflagrations. 

As we pointed out before," piston-pumps for liquids were not a characteristic 
constituent of Chinese engineering traditions, though the piston syringe was 
known and used in Han times, and bamboo had always been available for cy- 
linders. Moreover the double-acting piston-bellows goes back as far as the —4th 
century in China. One might for a moment, therefore, be tempted to think that 
this flame-thrower pump was a direct technical loan from Byzantium through 
the Arabs. But its design was too original, and if the ‘siphon’ pump gave forth a 
continuous jet, as most probably it did, that was assuredly accomplished rather 
by a combination of two cylinders in a Ctesibian force-pump system of true 
Graeco-Roman style. Even more original was the presence of a gunpowder slow- 
match in the ignition chamber of the petrol flame-thrower, identified all but 
infallibly by the term huo yao. Coarse twine impregnated with saltpetre and slow- 
ly burning will of course also do, and it touched off many a round during the first 
three hundred years of gunpowder weapons in the West, but very low-nitrate 

* This must have been a jar in which glowing charcoal was kept, or else perhaps the glowing composition. It 
is seen at the top of Fig. 8, taken from the San Tshai Thu Hui encyclopaedia (+1609). That details about the 
Greek Fire petrol flame-thrower were still being given as late as this is remarkable in itself. 


5 This must describe some other design for a double-acting force-pump, but the account is too brief to allow 
of any visualisation or reconstruction. 


© Vol. 4, pt. 2, pp. 143-4. 
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gunpowder would work in the same way, and that presumably is what we are 
dealing with here. And if this may be considered established for +1044 there 
is good reason to suppose that gunpowder slow-match was also used in the 
projector-pump of +919. After all, the earliest evidence of the composition goes 
back to about +850 (p. 112), so the historical sequence is quite reasonable. 
There is one passage referring to events earlier than +919 which may be 
significant for the first use of gunpowder in war, but it is somewhat ambiguous. 
In his Chiu Kuo Chih! (Historical Memoir on the Nine States, in the Wu Tai 
period) Lu Chen? about +1064 wrote a series of biographies of the notable men 
who had served those warring principalities. Chéng Fan? was a general of Wu, 
and Lu Chen relates that: 
at the beginning of the Thien-Yu reign-period (+904) ... in the course of the attack on 
Yü-chang (mod. Nan-chhang) Chéng Fan's men let off flying fire machines ( fa chi fei 
huo^), which burnt the Lung-Sha Gate; then leading a troop of brave soldiers he entered 
the city, but was himself badly burnt by the flames. For this he afterwards received 
promotion.” 


The difficulty here is to interpret the description. The phrase ‘flying fire’, which 
must have come so naturally to the pens of chroniclers, is as troublesome here as 
anything that Joinville had to say about Crusader battles. Hsü Tung, who 
started writing his military treatise Hu Chhien Ching® (Tiger Seal Manual) in 
+977 and finished it by + 1004,” has a brief note on fei huo* in which he says that 
‘Flying fire is of the nature of trebuchet “bombs” (huo phao’) and incendiary 
arrows (kuo chien*)'.* This has led several writers to suppose that what Chéng 
Fan used were incendiary projectiles fired from arcuballistae or trebuchets, and 
these could of course by this date have contained gunpowder, even if probably 
low in saltpetre.? But the possibility also seems open that what he and his men 
employed were Greek Fire (distilled petroleum) flame-throwers,* and if the Wu- 
Yüeh people in +919 were using the gunpowder slow-match in the ignition 
chambers of their pumps, then Chéng Fan might well have done so too. But the 
incident remains ambiguous, though gunpowder in one form or another was 
probably involved." 

That the flame-thrower was fully in use in the first years of the -- 11th century 
appears from a story in which certain officials were laughed at for being more 
expert with it than with their writing-brushes. The Chhing Hsiang Tsa Chi? men- 
tions two Sung officials Chang Tshun" and Jen Ping!! who gained promotion 


a Ch. 2, p. 13а (p. 29), tr. auct. 

5 It seems to have been based on drafts by earlier writers going back to +962 (Féng Chia-Shéng (1), p. 46). 
* Ch. 6 (ch. 53), p. 45 (p. 44), tr. auct. 

d Репа Chia-Shéng (1), loc. cit.; Tshao Yuan-Yü (4), p. 196. 

* Though the date is rather early for Chinese-distilled petrol (cf. p. 76 above). 

f We shall return to the incident, p. 148 below. 
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because of their expertise in using weapons such as the flame-thrower. Wu 
Chhu-Hou! says: 


In the Ching-Té reign-period (+ 1004 to +1007) all the Ho-shuo scholars with Chü-jen (de 
grees) obtained official positions because of their services in defending cities. After Fan 
Chao? became the Optimus Scholar (Chuang-yuan?) in the State examinations (his 
friends) Chang Tshun and Jen Ping both received promotion though they had very much 
neglected their studies. Whereupon a certain (writer who styled himself} Anonymous- 
Master (Wu Ming Tzu*) composed an ironical poem about them, which included the lines: 
‘Chang Tshun knows only how to shoot with the whirlwind trebuchet (Asian féng phao?) > 
and all that Jen Ping can do is to set off the fierce fire oil lame-thrower (méng huo yu$).^ But 
afterwards (Chang) Tsun rose as high as Secretary of State (Shang-shu’) and (Jen) Ping 
became Inspector of Military Colonies and eventually Governor of Yaochou, in which 
office he died. 


From this it is clear that the petrol flame-throwers were very familiar military 
equipment about +1000, even though the technicians who used them tended to 
be despised by the Confucian scholars. 

At this point let us think about the route by which Greek Fire (distilled pet- 
roleum) came into China, and how long it was before it became indigenous 
there. The impression grows that South-east Asia was the way-station, and that 
the fierce fire oil travelled along with Arabic merchants by the sea route. From 
an important passage in the Wu Tai Shih Chi? (Hsin Wu Tai Shih?) we learn of a 
presentation of it by the King of Champa in +958 to the imperial court of the 
Later Chou dynasty (-F951 to +960) which had its capital at Khaiféng in the 
north. The text reads: 


Champa (Chan-Chhéng") lies by the south-eastern sea.... In the sth year of the Hsien- 
Tê reign-period the king of that country, Yin Té-Man!! (Sr Indravarman IIT) sent an 
envoy named Phu-Ho-San" (Abü'l Hassan) with a tribute gift of 84 bottles of fierce fire 
oil (mëng huo yu) and 15 bottles of rose-water. The letter of presentation was written on 
many large (palm-) leaves, and enclosed in a box of fragrant wood. (It was said that) the 


* Ch. B, p. ба; tr. auct, 

> Le. the fixed single-pole trebuchet rotatable so as to face all directions; cf. WCTY/CC, ch. 12; p. зба, 

© Ch. 74 p. 174, tx. auct. The passage is quoted in Féng Chia-Shéng (2), p. 17. It dates from about +1070, 
but there is à more nearly contemporary one in Chang Pi's!? Chuang Lou САП (Records of the Ornamental 
Pavilion) written about +960, though it only speaks of the rose-water (in Thang Tai Tshung Shu, chi 7, ch. 81, 
р. 342), The That-Phing Huan Ye Ghi of about &g8o also has the story, "however, adding that the liquids were 
contàinied in glass bottles, and that the people of Champa were accustomed to use the Greek Fire in sea- fights 
(ch. 479, p. 16а, 1. Hs words were quoted in 73h Fu Yuan Kuei (+ 1013); ch. 972, pp. 224, à; and again in the 
Champa monograph і in Sung Shik, ОВ. Вор. 35 (though not in Sung Hui Yao}; as also in WHTK, ch:332; p: 782 
(p. 3608.1). whence d'Hervey de St Denys (1), vol: 2, p. 545. Afierwards-the.event was well known and noted 
in many. places, e.g. Tung Hsi Yang Khao, ch. 2, р. бф. We had occasion to touch upon it in connection with 
distillation at an earlier point (Vol. s, pt. 4, p. . 138). On the rose-water see also Schafer (13). p. 173, (16), p. 75. 
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fierce fire oil could be used for sprinkling over things,” and when in contact with water it 
would burst into flame. The rose-water was said to come from the western regions, and if 
it was sprinkled over clothes the perfume would still remain even wheu they became old 
and worn-out. 


Thus here again the petrol came up from the south. 

One can follow this association of Greek Fire petrol, or ‘naphtha’ fighting, with 
south-east Asia all through the centuries. During the last few years of the + 13th 
century, Chou Mi! was writing his Kuei Hsin Tsa Chi? (Miscellaneous Informa- 
tion from Kuei-Hsin Street, in Hangchow) with its various parts and supplements. 
This contained a graphic passage on sea-fights in the south seas, but as it has 
dropped out from nearly all the editions of this work we quote it from the Уй Chih 
Thang Than Wei? (Thickets of Talk from the Jade-Mushroom Hall), a Ming col- 
lection or anthology gathered together by Hsü Ying-Chhiu*. The text runs: 


Most of the countries of the south seas have what is called ‘mud oil (ni s^). Nowadays 
their people who sail in shallow-draught vessels (chhien fan chhuan?) all keep it, and when 
they encounter another ship they fight with it, if they think they are the stronger of the 
two. This is called ping chhuan’, a ‘ship-collision’. When this happens, four men hoist up 
the mud-oil into the crow's-uest.* Little bottles are filled with it, and a roll of betel-nut 
husk (pin-lang phi”)? is used as a stopper. When this is lit it acts like a fuse. Then the 
bottles are thrown down from on high, and when the mud-oil (bottles) hit the deck (of 
the other ship) they (break and) burst into flames which spread everywhere and con- 
tinue to burn. If water is thrown on it, it blazes all the more fiercely, and nothing but 
dried earth and stove ashes will put it out. 

Nowadays our official naval ships do not like to approach these shallow-draught 
barbarian vessels, because of this fearsome weapon. 


This would have been written in the neighbourhood of +1298. The expression 
‘mud oil’ for distilled petroleum is at first sight somewhat mysterious, but there 
are several possible explanations. The most obvious one would refer back to the 
appearance of petroleum at the natural seepages themselves, but another sug- 
gestion would see in the term a reference to the thick oil or sludge remaining in 
the retort after the distillation of the low boiling-point fractions. There must 
have been some tradition here other than that which gave rise to the commoner 
term "fierce fire oil (méng Ано уш"). At any rate the description shows that people 
were talking about the same thing. What is to be noticed here, however, is that 
there is no flame-thrower or projector pump, just the throwing of naphtha 


* То remove stains? Or was it with the aim of setting them alight? Possibly the words were a confusion with 
those used of the rose-warer. 

>- Ch. 27. pit ga, 6. auct. We record the kindness of Dr Werner Eichhorn. in bringing this passage to our 
attention twenty-five years ago. 

* The peck-shaped box so characteristic of Chinese masts and flagstafis. 

9 Areca catechu, the betel-nut palin indigenous to Malaysia, See Burkill (1), vol. a, pp. 222. 
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grenades, as among the Arabic troops in the contemporary time of Hasan 
al-Rammah. 

Just about the same time that Hsii Ying-Chhiu was assembling his collection, 
the navigator and geographer Chang Hsieh' was writing about the méng huo yu 
still in use for sea-warfare in south-east Asia.* In his Tung Hsi Yang Khao? (Stu- 
dies on the Oceans East and West) of +1618, he wrote:^ 


San-Fo-Chhi? (Palembang in Sumatra) .. .* is situated in the south-eastern seas. ... Orig- 
inally (the people) belonged to a special tribe of southern barbarians intermediate be- 
tween those of Cambodia and Java ... Later it was defeated by the Javanese, and its 
name was changed to Chiu-Kang’*, which is still in use now.... It produces the furious 
fiery oil (méng huo yu), which according to the Hua I Khao? is a kind of tree secretion (shu 
chin’), and is also called mud oil (ni уи). It much resembles camphor, and can corrode 
human flesh. When ignited and thrown on water, its light and flame become all the more 
intense. The barbarians use it as a fire-weapon and produce great conflagrations in 
which sails, bulwarks, upperworks and oars all catch fire and cannot withstand it. Fishes 
and tortoises coming in contact with it cannot escape from being scorched. 


Late in the following century, Chao Hsüch-Min?, who quoted the passage in 
abbreviated form* thought (wrongly) that this oil was a reference to natural 
petroleum (shih yu'?). ‘But from one of its names’, he went on, ‘it is obvious that 
“mud oil" cannot be any sort of vegetable exudate. In the (Tung Hsi) Yang Khao 
(Chang Hsieh) made a mistake about this.’ Here again there was no talk of 
projector pumps, so it was probably a matter of breakable bottles with fuses 
once more. 

These texts have surely demonstrated that the use of Greek Fire petrol or 
naphtha in war went on till quite a late date in south-east Asia, and that the 
distilled petroleum reached China through that region in the first place rather 
than over the land route. But now, before drawing all the threads together in 
a coherent picture we must fill it out by one or two more accounts of the tech- 
niques in use in China itself. For example, going back to the +1o0th century, 
petrol flame-throwers were prominent on both sides in the suppression of the 


* Cf. Vol. 4, pt. 3, pp. 582 f. and passim. 

5 Ch. 3, pp. 134, 174, tr. auct. © СЕ Gerini (1), passim. 

9 Here he must have been referring to the Hua I Hua Ми Niao Shou Chen Wan Khao" (Useful Examination of 
the Flowers, Trees, Birds and Beasts found among the Chinese and Neighbouring Peoples), written by Shen 
Mou-Kuan?? in +1581. Shen's ideas of precision in the natural sciences were none too exacting, as Wylie (1), 
p- 135 noted. 

© Pén Tshao Kang Mu Shih I, ch. 2, р. 626. In the same entry he quotes eight other sources, all about natural 
petroleum, including Chu Pén-Chung’s Ko Wu Hsit Chih!^ (What One should Know about Natural Phe- 
nomena), a late Chhing book. This repeats the stories about the fishes and the ashes, saying that these mineral 
oils can be kept only in glass vessels, and that they burn when floating on water so that water will not put them 
out. 


Е жа > = ‘Be 06 
ж "BEER * VE dh ^ RB ER C ? cd 
“ERICA ЬЕ ББ. ж RARE э REB " F& 5 2 a 


v 


30. THE GUNPOWDER EPIC 89 


Southern Thang dynasty (+937 to +976) by the great Sung, established in 
+960. We have descriptions of the naval battle on the Yangtze in +975 near 
Nanking (Chinling), its capital? which sealed its fate. In his Tiao Chi Li Than! 
(Talks at Fisherman’s Rock) Shih Hsü-Pai? wrote: 


Chu Ling-Pin? (admiral of Nan Thang) was attacked by the Sung emperor's forces in 
strength. Chu was in command of a large warship more than ten decks high, with flags 
flying and drums beating. The imperial ships were smaller but they came down the river 
attacking fiercely, and the arrows flew so fast that the (Nan Thang) ships were like 
porcupines. Chu Ling-Pin hardly knew what to do. So he quickly projected petrol from 
flame-throwers ( fa chi huo yu*) to destroy the enemy. The Sung forces could not have 
withstood this, but all of a sudden a north wind sprang up and swept the smoke and 
flames over the sky towards his own ships and men. As many as 150,000 soldiers and 
sailors were caught in this and overwhelmed, whereupon (Chu) Ling-Pin, being over- 
come with grief, flung himself into the flames and died. 


The sailors of Byzantium would have felt very much at home in this battle. Then 
from another ‘History of the Southern Thang Dynasty’, that of Ma Ling’, we 
hear more about another admiral, Tshao Pin?, in this case on the imperialist 
side.* 


In the 8th year of the Khai-Pao reign-period (+975), Tshao Pin? came down upon 
Chinling. He had large ships furnished with (bundles of) reeds saturated with thick oil, 
with the intention of taking puse s of the wind to start conflagrations; these were 
called ‘rock-oil’ devices’ (skih yu chi”), But in urgent situations, then they used the 
machines to shoot the fire- d E to resist the enemy (huo yu chi chhien chi 9). 


This was a clear mention of Greek Fire flame-throwers. Finally, rather more 
than a century later, Li Kang!! brought them into action when trying to prevent 
the crossing of the Yellow River by the Chin Tartars before the siege of Khaiféng 
in 4 1126.* 

Here we need not follow the petrol flame-throwers very far beyond the gun- 
powder era, but one reference imposes itself. When the Mongol ruler, Hulagu 
Khan, was setting forth in +1253 for the conquest of Persia, ‘couriers were sent 
to Cathay to bring from thence a thousand men skilled in war machines (tre- 
buchets), naphtha throwing (or projecting), and crossbow (or arcuballista) shoot- 


^ Grousset (1), vol. 1, pp. 367-8. 

> Pp. 306, 31a. We translate conflating with two parallel passages in Lu Yu's5 Nan Thang Shu®, ch. 5, 
рр: 34, b; ch. 8, p. 45. 

* Ma Ling's Nan Thang Shu, ch. 17 (p. 117), tr. auct. The passage is quoted in Féng Chia-Shéng (2), p. 17. 

3 Tshao Pin's biography is in Sung Shih, ch. 258, p. 1a, but it does not describe his use of incendiary or fire 
weapons. 

© Ching-Khang Chhuan Hsin Lu? (Record of Events in the Ching-Khang reign-period), ch. 1 (p. 6). 
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ing, with their families ...* And as late at +1609 the San Tshai Thu Hui encyclo- 
paedia gave a full account of the flame-thrower (Fig. 8), with illustrations.” 

Perhaps the most curious story about the petrol occurs in the Tso Méng Lu! 
written by Khang Yü-Chih? about +1137, a book which, as its title indicates, 
‘Dreaming of the Good Old Days’, was written in the south after the victory of 
the Tartars, and recalls life in the former capital of the Northern Sung.‘ Khang 
had some rather wild ideas about the origin of distilled petroleum, but he re- 
membered the way it was stored in the arsenals of the north-west in Northern 
Sung times,’ and vividly sketched manoeuvres with the use of it against enemy 
encampments. What he said was as follows: 


Near the Wall Defence Arsenal (Fang Chhéng Khu’) at the northwest frontier Wall 
(the military engineers) used to dig out earth and make a large reservoir more than ten 
feet square in order to store ‘fierce fire oil’ (méng huo yu$). In less than a month the 
surrounding earth would turn orange in colour, so further reservoirs were dug and the 
oil transferred to them; if this had not been done fire would have broken out and set light 
to the pillars supporting the roof (of the shed over the reservoir). 

I have heard that this fierce fire oil comes from a region several thousand li east of 
Когеа. When the sun begins to shine with all the strength of full summer, it makes the 
stones so hot that this oil oozes out from them. If it comes into contact with anything else 
it bursts into flame. It should only be stored in real glass vessels. 

West of Chung-shan Fu’" there was a large body of water called Ta-po Chhih? (Big 
Wave Pond), so large that the local people called it a "lakelet" (hai tzu°). I myself still 
remember the district commanders coming to it to study (and practise with their troops) 
water-combat, and to test the fierce fire oil. The opposite bank of the lake represented 
the fortified camp of the enemy. Those who were in charge of the oil sprayed it about, 
and as it was ignited it broke into.a sheet of flame, so that the (fictive wooden) fortifica- 
tions of the enemy were all in a short time completely destroyed. What is more, the oil 
had a secondary effect on the water, for all the water-plants were killed, and the fishes 
and turtles died. 


* Quatremére (1), p. 133; translating Rashid. al-Din’s Jami ‘al-Tawarikh. A parallel passage occurs in the 
Ta’rikh-i fahün-Gusha (History of the World Conqueror, Chingiz Khan) by ‘Ala’ al-Din al-Juwayni (d. +1283); 
tr. Boyle (1), vol.2, р. боё. 

* Chhi yung sect, ch. 7, pp. 182-21 4. Greek Fire petrol also appears іп the We Pei Chih of +1628, ch. i22, 
p. 216, but in:connection-with an eruptor (cf. p. 267 below). 

* There is а good account of the book in SKCS/TMTY, ch. 143; p. 724. The editors knew the passage in the 
Lian Shit (p. 8r above), but doubted whether anyone knew much about Greek Fire petrol before the capture of 
Li Lun? (or Yin Li-Lun*). We have not been able so far to unearth any information about this character, who 
might be of considerable interest for this history. 

‘One would like to know what measures were taken to reduce evaporation losses: 

* In SF, ch. 21, pp. 255, 24a (ch. 34. p. 115), also reproduced in Kuang Pai Chhuan Hsiieh Hai, vol. à 
(pp: 1052-3), and in Ku Chin Sii Hai, whence it was kindly brought to.our attention by Dr Werner Eichhorn 
in 1956. 1: is also quoted in Капу Chia-Shéng (2), p. 18. 

" We have not been able to think of an explanation for these phenomena, but unless the reservoirs were 
oricked: the surrounding earth would certainly have become wastefully saturated. 

£ Cariously, this was diametrically opposite, to the real point of origin. 

^ The: present Chen-ting. 
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Fig. 8. Greek Fire projector. From УРТА, Chhi yang sect, ch. 7; p. 186 Ct 16097. 
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To recapitulate, it seems quite clear that Greek Fire petrol (distilled petro- 
leum) reached China by about +900 or rather earlier, and that it came by the 
intermediation of Arabic merchants along the sea-route, and then up through 
East Asia from the south to the north.? Of Chinese—Arab contacts a great deal 
has already been said,’ and it is only necessary to assume that the invention of 
Callinicus passed to the Arabs by the middle of the +gth century. We have seen 
how the petrol was handed on from Wu-Yüeh State in the south to the Chhi-tan 
Liao Tartars in the far north in +917 (p. 80). It was not long before there were 
diplomatic contacts between the Liao State and the Arabs direct; there were 
embassies in +1019, +1021 and +1027, and in the same decade the Liao de- 
spatched the daughter of a nobleman as spouse for an Arabian prince.“ It seems 
most probable that in due course the know-how of distillation was conveyed 
along with the product, in which case there is a close parallel with the gunpow- 
der formula which reached Roger Bacon together with the gift of explosive 
crackers (p. 48 above). At first, no doubt, the product travelled alone, but at 
some time during the +1oth century the Chinese must have started distilling 
petroleum themselves.? By + 1000, certainly by + 1040, the petrol flame-thrower 
pump was standard army equipment in China (p. 82), and it is quite impossible 
to believe that these weapons depended on imported petrol distilled in Byzan- 
tium or Baghdad. It has already been shown that distillation with the Chinese 
still-type would have been perfectly possible—with adequate precautions— 
using natural petroleum as the starting material.* This is borne out by the Sung 
Hui Yao Chi Kao!, which mentions, not indeed the ‘fierce fire oil’ by name, but oil 
itself as a supply material delivered to arsenals for working up." 

Much stronger evidence comes from the Tung Ching Chi 7 (Records of the East- 


a This was the view of Mayers long ago, (6), p. 87, and we are much inclined to think that he was right. 

> Vol. т, pp. 2148; Vol. 4, pt. 3, pp. 486 f. After all, the Arab settlement at Canton started in the +8th 
century if not in the +7th. Cf. too Schafer (16), p. 75. 

* Wittfogel & Féng Chia-Shéng (1), pp. 51, 357 and passim; Minorsky (4), pp. 5, 21, 76 ff. tr. and comm. 
al-Marwazi, viii, 22-25. The embassy of + 1026/7 was from the Chhi-tan to Mahmid of Ghazni; it was well 
enough received but the prince sent a cold reply. 

а Cf. Vol.5, pt. 4, pp. 129, 158 f., 206. 

€ Vol. 5, pt. 4, рр. 68 F. Cf. Butler & Needham (1). 

£ Tshao Yuan-Yü (4), p. 199. His reference was probably Sung Hui Yao, tsé 187, fang уй, ch. 3, p. 52 b, under 
the heading Tung Hsi Tso Fang? (Eastern and Western Arms Factories), included strangely enough in the 
Section on Geography. Here are mentioned many manufactures, e.g. armour for men and horses, spears, 
swords, bows and crossbows, trebuchet artillery, drums and flags, with all kinds of works using leather, horn, 
rattan, lacquer and glue. The Sung Hui Yao is of course a mine of information, but more for the bureaucratic 
apparatus than for technical detail, since it consists so largely of imperial rescripts and decrees. We have found 
only one mention of gunpowder (and even then not openly by name), a short piece on the inventions of Thang 
Fu? (cf. p. 149 below), in tsé 185, ping, ch. 26, p. 37a. The arsenals (ta chün khu*) come in ts 146, shih huo, ch. 
52, pp. 8a F., 25а, 27а, 30a and 32а; and the office controlling them (chün chhi 505) in (ё 68, chih fang, ch. 14, 
pp. 1a ff, and tsé 69, chih fang, ch. 16, pp. 4a ff. There is also similar information (chin chih®) in tsé 171, hsing fa, 
ch. 7, рр. 1a ff. From the quotation immediately following above one can see good reasons why the Sung Hui Yao 
should have been so reticent on Greek Fire and gunpowder. 
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ern Capital), written by Sung Min-Chhiu! some time before his death in +1079. 
In that he wrote:* 


Apart from the Offices of the Eight Workshops (Pa Tso Ssu?), there are also other (gov- 
ernment factories), notably the Workshops for General Siege Train Material (Kuang Pi 
Kung Chhéng Tso? ), and now both of these, Eastern and Western, are under the author- 
ity of the Arsenals Administration (Kuang Pi Li Chün Chhi Chien ^). Their work com- 
prises ten departments, item, the gunpowder factory (huo yao tso), item, the pitch, resin 
and charcoal department (li chhing tso9),? item, the fierce fire oil laboratory (méng huo yu 
1507), item, the metal shop (chin /508),< item, the опе plant (kuo 150°), item, the 
joinery for timber large and small (ta Asiao mu 1500), item, the foundry for stoves large 
and small (ta Asiao lu tso'),° item, the leather yard (phi tso!), item, the hemp ropewalk 
(ma tso), item, the brick and pottery kilns (yao tzu tso!^). 

All these have their regular specifications and procedures, so that those in charge can 
learn them by heart. But it is absolutely forbidden to divulge the text to outsiders. 


This is certainly a vital text both for the petroleum distilleries and the gunpow- 
der mills of the Northern Sung in the +11th century. It is, moreover, confirmed 
by several passages in the Sung Shih itself, which verifies in so many words the 
precautions about security when speaking of the Arsenals Administration (Chiin 
Chhi Chien”).4 The eight government arms factories (Tung Hsi Pa Tso Ssu”) 
were operated by a War Office department named Chiang Tso Yuan? and the 


а As quoted by Wang Té-Chhen}5 in his Chu Shih!® (Conversations on Historical Subjects), prefaced in 
+1115, ch. 1, pp. 46, 54, tr. auct. The passage is reproduced in Féng Chia-Shéng (г), p. 53. 

> This is an emendation by Féng Chia-Shéng (6), p. 18, for the original text has chhing уа017, a redundancy 
with the tenth workshop. 

* Although these workshops may have had much else to do also, the functions of both indicate the prepara- 
tion of equipment for making molten iron (thieh chik!3) for assaulting the enemy and his wooden structures. 
This procedure is attested for many centuries in Chinese military history. In the beginning it was probably 
mainly a matter of pouring vessels of the hot metal on besiegers from above (as was proverbial in Europe), but 
already in the Thai Pai Ying Ching of +759 (ch. 4, p. 4a) ‘bombs’ (péing!9) filled with it are hurled ( phao®) from 
trebuchets. The Wu Ching Tsung Yao of +1044 (Chhien chi, ch. 12, pp. 59а, 62a ff.) gives more detailed spe- 
cifications of the refractory clay containers (kuan?!), projectiles breaking on impact; and a similar account is in 
the Wu Pei Chih of +1628 (ch. 132, pp. 142). Both these describe and illustrate the ‘mobile furnace’ (Asing 
122) for filling them, which could be drawn back and forth along city-walls. In considering all this it should be 
remembered that the melting-point of cast iron is 1130? C., some 400° lower than that of pure iron, but as was 
pointed out in Needham (32), pp. 14, 19, early Chinese cast iron (which long preceded cast iron anywhere else 
in the world) probably contained up to 3 % of phosphorus, and this reduces the melting-point still further, to 
about 950°. Of course, as an incendiary and offensive weapon this would be quite bad enough. That it was 
habitually used in medieval Chinese warfare appears from many texts, for example the Mongol general Bayan 
(Po Yen?) besieging Ying-chhéng?* (mod. Wu-chhang in Hupei) about +1280 with trebuchet-launched 
molten-metal ‘bombs’ (chin chih phao?5). Cf. Lu Mou-Té (1), p. 32; Féng Chia-Shéng (г), p. 47 

4 Sung Shih, ch. 165, р. 235: ‘The people in the Arsenals Administration have designs of military equipment 
handed down, and no person below a certain rank was ever allowed to see them or copy down texts. Thus the 
secrets were not divulged.’ 

* Ibid. ch. 165, p. 215; ch. 189, p. 195. 
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numbers of artisans and craftsmen who worked in them are discussed in yet 
another place.? So the Chinese were doing their own distilling. 

'The reason why we have considered Greek Fire so carefully is not just that as 
an incendiary weapon it was a predecessor of gunpowder. Its focal importance 
in the whole evolutionary story is that in the Chinese petrol projection-pumps its 
ignition took place by means of a gunpowder slow-match. The 'siphon' provided 
the occasion for the first use of the mixture; this is firmly established for the 
neighbourhood of +1040, and by implication to earlier dates such as +1004 
back to +919. Such was the first appearance of gunpowder on the practical 
stage of war, after its invention and elaboration by the Taoist alchemists of the 
49th century, perhaps about +850, in their search for life-elixirs. And just as 
their work took place in China alone, so also exclusively Chinese was the prac- 
tical use of the explosive mixture, even though as yet only in glowing and 
smouldering low-nitrate form. 

And then, a whole millennium later, gunpowder and Greek Fire met together 
once again in a strange reincarnatory partnership—but what that was will be 
told in its place. As for that partnership which we have here been examining 
between the Byzantines and the Chinese—if one might figuratively call it so— 
the saying of the Persian Sharaf al-Zamàn Tahir al-Marwarzi* about +1115 was 
exceedingly apposite: 


The people of China are the most skilful of men in handicrafts. No other nation 
approaches them in this. The people of Rim (the Eastern Roman Empire) are highly 
proficient (in technology) too, but they do not reach the standards of the Chinese. The 
latter say that all men are blind in craftsmanship, except the men of Rim, who however 
are one-eyed, that is to say, they know only half the business." 


(5) Ancestay (I1); Tug RECOGNITION AND PURIFICATION OF 
SALTPETRE 


The pre-requirement of the discovery of gunpowder was the recognition and 
purification of saltpetre (potassium nitrate); and before saltpetre could be used 
in any gunpowder composition, techniques had to be developed to extract it 
from its sources. Tt happened that medieval and pre-medieval chemical knowl- 
edge in China was in many ways more advanced than it was in Europe; and thus 
itis possible to trace the first uses of saltpetre from there eastwards leading 


* fbid. ch. 197, p. 134. 

> Or even +904; p. 85 above. 

* Born probably about +10464. after +1120. 

7 Minorsky (4), pp. ip 65. tr. and comm. virt 4 of the Тарі" ai-Hayawán (Natural Properties of Ani- 
mals, Меп ап Places]. This saying was more or less a locus communis, cf. Vol. 4, pt. 2, p. 662. 
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back to their origin in East Asia. In fact the early history of saltpetre is much 
more fully documented in China than in any other civilisation. 

Broadly speaking, the word 'saltpetre' has been used to refer to potassium 
nitrate or sodium nitrate, or even calcium nitrate.* But 15 primary significance 
was potassium nitrate, the most singular ingredient of the gunpowder mixture. 
In nature potassium nitrate (prismatic saltpetre) is usually found mixed with 
sodium and magnesium salts. It needs the right climatic conditions to form, 
namely a sufficiently high temperature and a suitable humidity in which organic 
matter, especially excreta, can decompose; these conditions existed in Arabia, 
India and China, but not so much in Europe. For example, before the discovery 
of the nitre source in Chile, the Ganges valley was the greatest source of supply 
of saltpetre to England in the +18th and early roth centuries.” The nitre from 
Chile, sodium nitrate (also known as cubical saltpetre), is far inferior to the 
potassium salt as an ingredient for gunpowder because it readily absorbs mois- 
ture, but it can be converted to potassium nitrate by treatment with strong 
solutions of potassium chloride. As for calcium nitrate, it is commonly found 
forming in the earth and on walis, together with many impurities, but again it 
can be converted to potassium nitrate by ionic exchange with potassium carbon- 
ate. These are, of course, modern techniques; in the early pre-gunpowder cen- 
turies, the problem was to distinguish it from other salts such as sodium or 
magnesium sulphate. 

At an earlier stage we gave a rather thorough account of the recognition and 
isolation of saltpetre in China, so we must not repeat it here. In the previous 
paragraph the word ‘nitre’ was used, coming in naturally enough, but historians 
of chemistry know well what multifarious meanings were attached at different 
times to that term, originating as it did through Greek and Latin from ancient 
Egyptian niry or natron. This was sodium carbonate. mixed with the sulphate and 
common salt, together with a litile bicarbonate, occurring naturally in desert 
regions; and it was known in China too, as chien or shih chien’, ‘Nitre could mean 
almost anything, generally soda, more rarely potash, and often mixed with the 
chloride. Its parallel term in Chinese was Asiao? or Asiac?,* but instead of translat- 
ing this in ancient and medieval texts as nitre it is better to use a word of equiva- 
lent vagueness, such as ‘solve’. This is suggested not only by the etymology of 
congeneric characters and usages* but by the facts that potassium nitrate acts 


^ See Mellor (13, pp. 503 Ё. 

^ Cf. Ray (1), end ed: р: 229; Multhauf (37. 

* Vol. 5, pt. 4, pp. 159ff. 

? Although several scholars have believed that they could establish a consistent semantic difference between 
the use of the water radical and the stone radical in Asieo, this has not been our experience. We fear chat these 
were used indiscriminately both by the alchemists and the pharmacists in Chinese texts 

* Of Vol 5; pt 4; p. 5. 
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strongly as a flux in smelting, and participated in the procedures for bringing 
insoluble mineral substances into solution.* 

The most characteristic name for saltpetre in Chinese texts was Asiao shih! 
(solve-stone), but to be sure of the identification of what they were talking about 
it is always necessary to see what they said about its properties. Hence the 
significance of other names such as yen hsiao” (blaze-solve), huo hsiao? (fire-solve), 
khu hsiao* (bitter-solve), shéng hsiao> (natural solve), and ti shuang® (ground 
frost).^ In China potassium nitrate was never confounded with sodium carbon- 
ate, as in the West, but rather with sodium sulphate and magnesium sulphate. 
The first of these generally went by the name of phu Asiao’ (crude-solve), the 
second was mang hsiao® (prickle-solve)?— Glauber's Salt and Epsom Salt respec- 
tively. In Thang and post-Thang texts, however, this last term came often to be 
applied to saltpetre; and indeed it must be emphasised in general that none 
of the names can be taken as entirely reliable by themselves; always the descrip- 
tion of the product must be examined in order to be sure what it was that the 
alchemical adepts or the pharmaceutical natural history writers had in hand. 

Already the name Asiao shih? appears in the Chi Ni Tzu book of the —4th 
century in its list of drugs and chemicals, but without details of its properties.‘ 
Then in the Shen Nung Pén Tshao Ching", the first of the pharmacopoeias, a couple 
of centuries later, it occurs again, but mainly in a medical and macrobiotic con- 
text.5 Next comes the Lieh Hsien Chuan". (Lives of Famous Hsien), datable about 
the +2nd century, where a famous adept achieved immense longevity by 


* Vol. 5, pt. 4, pp. 167 T. See now also Butler, Glidewell & Needham (1). Li Shih-Chen, in PTKM, ch. t i, p. 
285 quotes the Pao Phu Tzu book (c. +320) as saying that saltpetre can ‘dissolve and soften the five metals, and 
bring the seventy-two minerals into aqueous solution'. Though saltpetre is mentioned there several times (e.g. 
ch. 11, p. 85, ch. 16, pp. 75, 9a), this passage seems not to be there now, but it certainly referred to the 
liquefaction of silicate gangues by a flux, and to the solution of inorganic substances normally very insoluble, 
like cinnabar. 

In +16th-century Europe a significant parallelism with gunpowder was constituted by the ‘black’ or ‘defla- 
grating’ flux, so often described by the metallurgist Lazarus Ercker (1) in +1574. Here saltpetre was mixed 
with ‘argol’ (potassium tartrate) and charcoal, giving, upon ignition, potassium carbonate, carbon and nitric 
oxide. This flux was used for smelting and purifying silver (Sisco & Smith (2), pp. 44, 81), gold (p. 110), 
copper (pp. 207, 215), bismuth (p. 275) and tin (p. 280). We should like to thank Prof. Cyril Stanley Smith for 
bringing this to our remembrance. 

* Chang Hung-Chao (7), p. 241, recognised all these names as synonyms. 

* As in all countries, saltpetre was at first scraped from the surface of the ground as a white crust or 
powdery efflorescence; cf. Kovda (1), pp. 121—2. As it happens, China possesses rather substantial areas of 
saltpetre solonchak soils in Honan province yielding more than 30,000 lbs. of saltpetre per acre p.a.; cf. K. C. 
Hou (т) and Yoneda (1), together with Wei Chou-Yuan (1), pp. 468-9 and Torgashev (1), pp. 380 f. It is now 
more than thirty-five years since 1 first heard about these deposits (which produce sodium nitrate too) from Dr 
Wu Ching-Lieh of the 23rd Arsenal at Lu-hsien. 

4 Presumably because of the shape of the crystals. 

* СЕ what Su Ching (Su Kung) says about mang йзіао and hsiao shih (+659) in PTKM, ch. 11, p. 265. Li 
Shih-Chen abbreviated the passage, as one can see from HHPT, ch. 3 (vol. 1, pp. 21-2). 

* Ch. 3, p. 3a, in YHSF, ch. 69, p. 36a. Cf. Vol. 2, pp. 275, 554; Vol. 5, pt. 3, p. 14. 

* Mori ed., ch. т (p. 24). Cf. Vol. 6, Sect. 38. 
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ingesting solve-stone as an elixir ingredient.* Reference to the extraction of salt- 
petre is already made in a list of seasonal prohibitions occurring in the Hou Han 
Shu (History of the Later Han Dynasty).* 


From the day of the summer solstice onwards strong fires are forbidden, as well as the 
smelting of metals with charcoal. The purification of saltpetre (Asiao shih) has to cease 
altogether, until the beginning of autumn .... 


This would have referred to the + rst and + 2nd centuries, and shows that the prac- 
tice must have been quite widespread, for otherwise the government would 
hardly have issued an order interdicting it at this time of the year. But the 
turning-point is reached in +492, when Thao Hung-Ching! described in his Pén 
Tshao Ching Chi Chu? (Collected Commentaries on the Classical Pharmacopoeia 
of the Heavenly Husbandman) the purple potassium flame test given by the 
solve-stone.^ together with its strong deflagration on charcoal. Since this and the 
closely related work of +510, Ming I Pieh Lu? (Additional Records of Famous 
Physicians on Materia Medica), recorded so much +3rd-century knowledge, it 
is likely that the flame test and other criteria such as the flux effect went back to 
that time; in any case it is surely by far the oldest reference to the potassium 
flame in any civilisation.* 

After that there are many references to the purple potassium flame, the 
deflagration, and the properties of flux and solubilisation. The Hsin Hsiu Pén 
Tshao* (Newly Improved Pharmacopoeia) of +695 repeats them,‘ and soon after- 
wards, in +664, we have the Thang alchemical text about the wandering 
monks.® Here in the Chin Shih Pu Wu Chiu Shu Chüel? (Explanation of the Inven- 
tory of Metals and Minerals according to the Numbers Five and Nine) we read 
about the Saka or Sogdian monk Chih Fa-Lin®, who recognised the presence of 
saltpetre in northern Shansi and knew of its properties. Probably belonging to 
the same century is another alchemical book, the Huang Ti Chiu Ting Shen Tan 
Ching Chüeh! (Yellow Emperor's Canon of the Nine-Vessel Spiritual Elixir, with 
Explanations) which has an important passage about saltpetre.^ And then, not 
later than about +850, there is a further text in the Chen Yuan Miao Tao Yao Lüeh? 


а Kaltenmark (т), p. 171, translating ch. 2, p. 11a. 

^ Ch. 15, p. 54, tr. auct. The passage was first noted by Wang Ling (1). 

© PTKM, ch. 11, p. 255 (p. 54); CLPT, ch. 3 (p. 85-2). СГ Chang Hung-Chao (1), p. 243, and Fenton (1), 
. 23. 

а This is the oldest work in which the name mang siae (prickle-solve) appears. Li Shih-Chen (PTKM, 

ch. 11, p. 29а) quotes it as saying that saltpetre can change (i.e. dissolve) the seventy-two minerals. 

© The first European mentions seem to be of Renaissance time, or at least not earlier than Latin Geber. 

* Ch. 3, pp. 105, 11a, b. 

* TT 9oo, pp. 55, 6a, translated in full in Vol. 5, pt. 3, p. 139. 

^ TT 878, ch. 8, p. 12a, translated by us in Vol. 5, pt. 4, pp. 186-7. 
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(Classified Essentials of the Mysterious Tao of the True Origin of Things)? the 
same Thang book which has the oldest reference to a gunpowder mixture, words 
of great significance which will naturally be given below (p. 111). By +1150, 
when gunpowder had already been in general use for some two and a half cen- 
turies, Yao Khuan! was writing his extended account of ‘solve’ or ‘nitre’ in the 
Hsi Chhi Tshung Hua” (Collected Remarks from the Western Pool), and in it he 
gave the first extant reference to artificial ‘nitre-beds’ or 'saltpetre-plantations'. 
They must in fact have been earlier than this because Yao Khuan quotes the Fu 
Hung Thu? (Ilustrated Manual on the Subduing of Mercury) by an adept named 
Shéng Hsüan Tzu‘ concerning them, but he and his book are exceptionally dif- 
ficult to date, though probably of some time in the Thang or Wu Tai period. 
There is perhaps no need to multiply examples, but it is noteworthy that all 
the alchemical books of the Thang period mention solve-stone (saltpetre) as a 
matter of course. For instance, the Thai-Chhing Ching Thien-Shih Khou Chieh’ 
(Oral Instructions from the Heavenly Masters on the Thai-Chhing Scriptures) 
of unknown authorship, describes a procedure for turning lead and tin into ‘mer- 
сигу’ by the aid of saltpetre.? Solve-stone (Aisiao shi?) appears time and again in 
the Lung Hu Huan Tan Chieh’ (Explanation of the Dragon-and-Tiger Cyclicallv 
Transformed Elixir)’, bv an alchemist otherwise unknown, the Golden-Tombs 
Master, Chin Ling Ta , who was probably writing just after the Thang or in 
early Sung. He describes a procedure for ‘subduing’ saltpetre ( fu Asiao shih fa’). 


Take an ounce of saltpetre and comminute it to a fine powder, then place it in a porce- 
lain container and compress it until the surface is flat. Cover it with two-tenths of an 
ounce of common salt and again flatten the surface. Place a porcelain cover over the top 
but do not seal it. Heat first with a gentle fire and then with a strong one until the salt is 
gone. (The saltpetre) is thus subdued! 


No chemical reaction would have taken place here, and the two substances prob- 
ably just formed a melt. In the same book, solve-stone (/Asiao shih®) and crude- 
solve (hu Asia") occur together at least three times in different chemical proce- 
dures, showing that the two were certainly differentiated by Chin Ling Tzu. And 
again, as we have previously seen; saltpetre occurs as a constituent of a hunger- 
prevention formula in a Thang manuscript. 

This same book, the Lung Hu Huan Tan Chieh, f really of the +9th century or 


* Tf gry, p. ob; translated in Vol, 5, pt. 4, p. i87. Cf. Féng Chia-Sheng (4), p. 36. 
"UGE Мо зур з, p. 38. This tekt Б atso discussed by Yoshida Mitsukuai СУ, p 256. 
T GE zipp seat. translated fully in vol * pt 4, pp. 188 Fer an UE study of nitre-beds see 
Williams-(1): : 
а TT 876, p.22, b. ji fon. 
* Cf Vol. 5. pt. 4, p. 5. The salt of course did aot ‘go’, but the diluted saltpetre would probably no longer 








ignite: CE also p.115 below. 
8 Wok 5, pt. 4. p. 146. 
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before, may contain the earliest appearance of the phrase kuo yao," afterwards so 
universal as the appellation for gunpowder. But it occurs as a sub-title, i.e. a 
‘method for subduing chemicals by fire’ (fu huo yao ја!). The experiment re- 
quired white alum, potassium nitrate, sodium and magnesium sulphates, and 
mercury, so far as we can tell, producing in the end a purple sublimate. In 
general, Chu Shéng suggests that the procedures of ‘subduing by fire’ ( fu huo’)? 
were worked out by the alchemists of the Chin and Liu Chhao periods in their 
search for elixirs, precisely for the purpose of avoiding those deflagrations and 
proto-explosions which the military afterwards found so useful. For example, if 
the crude saltpetre contained much carbonaceous material, as it may well have 
done, heating it would produce potassium carbonate, something reasonably in- 
nocuous. Many mishaps were probably wrapped in silence, and the first actual 
record of such ‘calamities’ is in the Chen Yuan Miao Tao Yao Lüeh, which we shall 
speak of below (p. 111). 

A rather clear statement was that given by Ma Chih? in the Khai-Pao Pén 
Tshao* (Pharmacopoeia of the Khai-Pao Reign-Period) in +973. He wrote: 


It was because saltpetre can dissolve (hsiao^) and liquefy (Bit. change, hua^) minerals that 
it was given the name of solve-stone {Лао shih’), When it is first boiled and refined it 
crystallises in small prickly (mang?) shapes, and in appearance resembles crude-solve 
( phu hsiao?); therefore it has the synonym of prickle-solve (mang Asiao!?).. . , 

Solve-stone (Asiao shih) is in fact a ‘ground frost’ (ti shuang’), an efflorescence of the 
soil. It occurs among mountains and marshes, and in winter months it looks like frost on 
the ground. People sweep it up, collect it, and dissolve it in water, after which they boil 
to evaporate it, and so it is prepared. (The crystals) look like the pins of a hair-ornament. 
Good ones can be as much as five /2л (about half an inch) in length. Thao Hung-Ching 
said all sorts of things (about these salts) because he did not know the facts ... 

Actually solve-stone is produced among the rocks and cliffs in the mountains west of 
Mou-chou" in Szechuan. The size of the pieces (after purification) varies, but its colour 
is bluish-white, and it can be collected at all seasons. 


1: should be borne in mund that this was written some three hundred years 
before the Arabs and the Franks knew anything about saltpetre at all. For Ma 
Chih, solve-stone was unquestionably a substance different from crude-solve 
and prickle-solve, though the latter term could be applied to it as a synonym, 
In a moment we shall give some more detailed accounts of the manner of its 
purification. 

One of the most interesting accounts of the whole subject, indeed remarkable 


*. As has been pointed out. by Chu Shéng (г). In this paper he attributes tome doubts abont the origin of 
guapowder in-China; bur this is due toa mismranstarion of Needham (86). Cf Che Sheng & Ho Tuan Sheng: 
uk 

^ Cf. Vol. 5; pt. 3, р. 159; pi 4. рр. 5, 250, 256, 262 
* Quoted in PTKM, ch. ті, p. 25а; & tri auct. 


Sodium sulphate? 
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for its insight, was that of Li Shih-Chen! in his Pén Tshao Kang Mu’, published in 
+1596. His words were these:* 


Ever since Chin and Thang times,” the different (substances) the names of which con- 
tain the term ‘solve’ (siao) have been the subjects of guesswork by most writers (on 
pharmaceutical natural history), who simply named them at random, with little jus- 
tification. Only Ma Chih in the KAai-Pao Pén Tshao recognised that solve-stone was re- 
fined from ‘ground frost’, while prickle-solve and horse-tooth solve (ma ya hsiao*) were for 
the most part refined from crude-solve. His statements ought to have cleared up all the 
doubts and hesitations of these people. It was because solve-stone (Asiao shih*) was often 
given the synonynr of prickle-solve (mang hsiao?), and because crude-solve (phu hsiao®) 
had the synonym of crude solve-stone (hsiao shih phu”), that the pundits got their names 
mixed up, and could not decide how to express the situation. 

What they did not know was that the solves (Asiao) can be divided into two classes,‘ 
one aquose (shui?) and one pyrial (Auo?).* Although their outward appearances are simi- 
lar they differ completely in their nature (Asing!) and their chi. Only the two items 
under crude-solve ( phu Asiao) and solve-stone (Asiao shih) as set out in the Pén Ching? are 
correct. The rest, like prickle-solve (mang Asiao) in the (Ming I) Pieh Lu, or horse-tooth- 
solve (ma ya hsiao) in the Chia-Yu Pén Thao, or natural solve (shéng hsiao) in the Khai-Pao 
Pén Tshao, were the outcome of unnecessary distinctions. I have therefore put them back 
where they ought to belong. 

Now the crude-solve (phu hsiao) of the Pén Ching is an aquose solve (shui hsiao!!). It is of 
two types. After the solution is evaporated by boiling, the (crystalline) produce appear- 
ing like prickles is called mang hsiao, and that appearing like horse teeth is called ma ya 
hsiao. Crude-solve ( phu hsiao) is the solid which finally settles at the bottom (of the ves- 
sel); it has a salty sapidity and is (pharmaceutically) cooling (han'*)) 

But the solve-stone (hsiao shih) of the Pén Ching is a pyrial solve (huo hsiao'?). This also 
is of two types. After the solution has been evaporated by boiling, the crystals which 
appear like prickles are also called mang ^siao, and those which look like horse teeth are 
called (ma) ya hsiao. They are also named natural solve (shéng hsiao). What settles as a 


а Ch. тт, p. 275, tr. auct. 

> Le. from the +4th century onwards. 

* Yin and Yang of course, as is evident from what follows. 

4 The obvious translation here would be ‘watery’ and ‘fiery’ respectively, but that would not do justice to 
the relationship of these in Li Shih-Chen's mind with the elements Water and Fire respectively. So what is 
needed is a set of specific adjectives, either invented, or adopted from obsolete words in old dictionaries, to 
signify connections with the Five Elements (cf. Vol. 2, рр. 242 f., 253 F). In Vol. 5, pt. 5, on physiological 
alchemy, we had particular need of two of these, those for Metal and Wood (cf. pp. 56, 60 and passim). 
Accordingly we make use of the following series: 


Metal (M) metallous 

Wood (УУ) lignic 

Water (w) aquose, aquescent 
Fire (F) pyrial 

Earth (E) terrene 


< The usual abbreviation for the +2nd-century Shen Nung Pén Tshao Ching. 
Finished c. +510. 

= Finished in + 1060. 

A Yin property. 
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solid on the bottom is the solve-stone (hsiao shih). Its sapidity is acrid and bitter, and it is 
very heating (ta wen')? medically. 

Both the solve classes give rise (during processing) to mang hsiao and to ya hsiao. For 
this reason the old prescriptions (of the Chin and Thang periods) took the salts as 
interchangeable, but since the Thang and Sung the prickle-solve (mang hsiao) and tooth- 
solve (ya hsiao) have been of the aquose class (shui Asiao).P 


'Thus it would seem that Li Shih-Chen distinguished rather clearly, and very 
justifiably, between the *watery', aquose, sulphates, and the 'fiery', pyrial, ni- 
trates. What he was really saying was that the traditional Chinese terminology 
of solves (siao) had often depended as much on crystal form (none too accurate- 
ly observed) as on other properties. He was also clear that the same salt could 
crystallise in more than one form;‘ and by his time it was becoming evident that 
similarity of crystal shape could easily be very confusing.‘ It was because of the 
needle-like and other crystal forms that the name mang hsiao had got transferred 
both to saltpetre and to different sulphates at various times. Only the chemical 
properties themselves—and Li Shih-Chen knew them well— could really dis- 
tinguish the salts. After all, he was writing in the century of Paracelsus and 
Agricola, no more able to attain modern scientific knowledge than they could, 
yet in distinguishing so well between the sulphates and the nitrates he reminds 
one of Paracelsus preparing his series of coloured metallic chlorides.* Both were 
early steps in the recognition and preparation of distinct chemical classes of 
salts. 

One might not suppose that so great a naturalist as Li Shih-Chen would have 
anything to say about the military, but he has. A couple of pages later," he is 
ruminating about medicinal properties, and says that since phu hsiao is a Yin or 
aquose substance, cold and salty, it tends to go downwards, and so can soothe 
and clean the intestinal tract, expelling malign pyrial chhi (Asieh huo chhi?) from the 
three coctive regions (san chiao’). Conversely, hsiao shih is a yang or pyrial sub- 
stance, hot and sulphurous, so it tends to go upwards and can cure stasis of Fire 
in the three coctive regions as well as dispersing all kinds of accumulations. 
Then we read: 


Now the military technicians (ping chia") when making fire-weapons (lit. beacons, 
cannons and suchlike machinery, féng huo thung chi têng wu?) use compositions containing 


а A Yang property. 

> Le. Glauber's and Epsom salts. 

© Cf. Mellor (1), p. 504, on the dimorphous character of potassium nitrate. 

а Chang Hung-Chao (1), pp. 241 F., reported in 1927 the analyses of seven contemporary traditional sam- 
ples of mang hsiao from different localities, finding varying proportions of Na, Mg, Ca and K sulphates. The first 
named was always preponderant, the second did not exceed 7%, the third 1% and the fourth 5%. Up to 5% of 
common salt could also be present. Yet a Thang specimen (+756) turned out to be almost pure magnesium 
sulphate (Vol. 5, pt. 4, p. 181). 

* See Sherlock (1); Pagel (10), p. 274. Cf. Vol. 5, pt. 4, p. 322. 

ГО PTKM, ch. 11, p. 295, tr. auct. 
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saltpetre; so they fly up high, as if straight to the clouds and the Milky Way. For it is 
their very nature, as we know, to go upwards.... 


Here was a prescience, one might feel, of that escape from Planet Earth which 
Chinese rockets in their mature development would permit. 

The passage puts us in mind of two things—first al-Juwayni saying, about 
+1260, that the 


trebuchet artillerymen of Cathay could with a stone missile convert the eye of a needle 
into a passage for a camel, and could fasten the woodwork of their trebuchets so firmly 
together with sinews and glue that when they aimed from the nadir to the zenith the 
missile did not return." 


But secondly, and more seriously, Li Shih-Chen’s Aristotelian conviction of up- 
ward tendency reminds us of the Paracelsian theories of ‘aerial nitre', that ‘vola- 
tile saltpetre’ somewhere up above us. In +16th- and +17th-century Europe 
this played a considerable part in physiological as well as meteorological spe- 
culation; for on the one hand it was appealed to as the element in the air essen- 
tial for respiration and muscular motion, while on the other it was thought to be 
the cause of thunderstorms and lightning. After all, for Paracelsians such as 
Joseph Duchesne and Robert Fludd, the atmosphere was the medium through 
which the heavenly and starry influences had to pass to reach us, so it was not 
hard to suppose that ‘sophic fire’ or ‘vital nitre' was generated by them there. 
The gunpowder theory of thunder and lightning jasted on well into the +17th 
century, and the vital nitrous element led directly to John Mayow’s classical 
work on the nature of respiration (+1668). Once again the quasi-mystical spe- 
culations of the Paracelsian tradition helped to generate modern science;” and 
once again the thoughts of Chinese. naturalists of +1590 strangely recall the 
ideas of their contemporaries in Europe, isolated from each other though they 
were. 

Lastly, what detailed accounts of the practical preparation of saltpetre for the 
gunners can we find in Chinese literature? We translate two, both from the 
neighbourhood of + 1630, and first the indispensable passage from the Diderot 
of China in his technological book, Thien Kung Khai Wu! (Exploitation of the 
Works of Nature), about saltpetre. Sung Ying-Hsing? wrote: 


Saltpetre (solve-stone, Asiae shih") is found both in China and in the lands of neighbour- 
ing peoples, all have iz. In China it is chiefly produced in the north and west. Merchants 
who. sell (saltpetre) in the southern and eastern (parts of the country) without first 
paying for the official certificate are punished for illegal trading. Natural saltpetre-has 


* History of the World Congueror, pt. 3, ch. б, tr. Boyle (1), vol. 2, p. 608. 
P Ga this whole subject see Debus (9, то). (18), pp. 32.115 f, 134: as also Guerlác (1, 2); and Partiagton 
{зө} 


* ТЕКИ. 15, pp. ба, b. ти (Ming ed. ch. 3, pp. 322, 6. 334), tr. auct. adjuv. Sun & Sun (09. pp. 266, 271. 
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the same origin as common salt. Subterranean moisture streams up to the surface, and 
then in places near water (e.g. the sea), and where the earth is thin, it forms common 
salt, while in places near the mountains, and where the earth is thick, it forms saltpetre. 
Because it dissolves (Asiao*) immediately in water it is called solve-stone (Asiao (shih)). In 
places north of the Yangtze and the Huai river, after the mid-Autumn fortnightly period, 
(people) just have to be at home and sweep the (earthern) floors on alternate days to 
collect a little for purifying. Saltpetre is most abundant in three places. That produced in 
Szechuan is called chhuan Asiao?; that which comes from Shansi is commonly called yen 
hsiao?; and that found in Shantung is commonly called thu Asiao*. 

After collecting saltpetre by scraping or sweeping the ground ([Comm.] as 
also from walls} it is immersed in a tub of water for a night, and impurities 
floating on the surface are skimmed off. The solution is then put into a pan ( fi?) 
After boiling until the solution is sufficiently concentrated, it is transferred to a contain- 
er, and overnight the saltpetre crystallises out. The prickly crystals floating on the sur- 
face are called mang /siao* and the longer crystals are ma ya hsiao’. ({Comm.] The amount 
of these varies with the places where the raw material has been collected.) The coarse 
(powder or crystals) left at the bottom as a residue is called phu hsiao’. 

For purification the remaining solution is again boiled, together with a few pieces of 

turnip, until the water has evaporated further, This is then poured into a basin and left 
overnight so that a mass of snow-white (crystals) is formed, and that is called pln Asiao?. 
For making gunpowder this ya Asiao and phén hsiac have a similar effect. When saltpetre is 
used for making gunpowder, if in small quantity it has to be dried on new tiles, and if in 
large quantity it should be dried in earthenware vessels. As soon as any moisture has all 
gone, the saltpetre is ground to a powder, but one should never use an iron pestle in a 
stone mortar, because any spark accidentally produced could cause an irretrievable 
catastrophe. One should measure out the amount of saltpetre to be used in a particular 
gunpowder formula, and then grind it together with (the right amount of) sulphur. 
Charcoal is only added later. After saltpetre has been dried, it may become moist again 
if left over a period of time, Hence when used in large cannons it is usually carried 
separately, and the gunpowder prepared and mixed on the spot. 


Here we are back again in the terminological morass of the different 'solves', 
just like ‘nitres’. If Sung Ying-Hsing thought that sulphates, chlorides or other 
salts would do instead of the nitrate, he was far astray, and may have been 
confused by his informants; but surely he was not so artless. He may not have 
been entirely wrong in what he said, for potassium nitrate does crystallise in 
two. different forms, and in his time these may well have had different names. 
The salt is dimorphous, giving both rhombic crystalline plates and needle-like 
rhombohedral (trigonal) ervstals isomorphous with those of sodium nitrate. So 
crystals or crystalline precipitates. that looked different. may all have been 
nitrate. 

Of course the definitive identification and isolation of inorganic salts had to 
await the coming of modern chemistry, but Debus has shown? how great an 
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interest there was in late medieval Europe in the nature and composition of spa 
and mineral waters before the time of Robert Boyle. Here, besides such great 
names as Paracelsus and Agricola, advances were made by Edward Jorden 
(+1569 to 1632) and Gabriel Plattes (f. +1639). Jorden was interested in salt- 
petre, and said that only when pure will it ‘shoot forth needles.’ Indeed, Debus 
can say* that all modern chemical analysis developed from dry metallurgical 
assays and wet analyses of mineral waters. 

Another element of much interest in Sung Ying-Hsing’s account, and one 
which we shall see even more prominently in the following text, is the use of 
colloidal organic material for clarifying the solution of the salt before crystallisa- 
tion. This industrial ‘de-gunking’ (as modern scientific colloquial might say) is 
a subject of far-reaching interest, on the history and theory of which singularly 
little seems to have been written. In the preparation of salts, sugar, etc., the 
problem of removing colloidal suspensions of organic origin, as well as turbidity 
due to unwanted inorganic substances, was empirically solved by the addition of 
other organic colloids; generally these formed a scum which could be scooped off 
from the surface of the solution. 

The Chinese saltpeterers used the soluble constituents of turnip slices, and 
also, as we shall see, glue,‘ but a great variety of other substances found employ- 
ment in the Chinese table-salt industry, as we note at length in Sect. 37. For 
example, the briners there used ground soap-bean pods* and millet chaff,’ but 
also hen’s eggs, bodhi-seeds* and ground whole soya-bean suspensions." Euro- 
pean salt-boilers in their turn used the blood of bulls, calves and bucks, together 
with ale or beer (in moderation), as Agricola tells us in his De Re Metallica, 
finished in +1550.' This was still going on in the nineteenth century, but Dutch 
briners used sweet whey and many English ones egg-white) Bull's blood was 
used too in sugar-refining,* while in culinary techniques egg-white reigned sup- 
reme, as for the making of clear consommé and aspic from thick broths and 
meat-extracts.! Since all these methods belong to a time long before modern 
industrial chemistry, it would take a special research to elucidate their origin, 
but they must surely go back well into the Middle Ages, both in China and in 
Europe. 

As for the explanation of the effect, we doubt if the simple coagulation of 


а (18), p. 28. 

^ Turnip tissue is also referred to by Li Shih-Chen in the preparation and purification of phu hsiao, PTKM, 
ch. тг, p. 185. Probably Brassica rapa. 

* This was a convenient property as it enabled crystallisation to start on the bottom and at the sides of the 
vessel. 

* Glue and ‘radishes’ were mentioned by d’Incarville (1) in +1763 in his account of the making of pure 
saltpetre in China. 

* Gleditsia sinensis; cf. p. 115 below. 

f As Sung Ying-Hsing well knew; TKKW, ch. 5, p. 26 on edible salt, tr. Sun & Sun (1), p. 115. 

£ Sapindus mukurossi. h Glycine soja; cf. Vol. 6, pt. 2, рр. 512 f. 

i Bk. 12, tr. Hoover & Hoover (1), p. 552. In +1669 W. Jackson (1) recounted the same. 

3 Clow & Clow (1), pp. 56-7. * Ibid. pp. 521, 526-7. 

! Thudichum (1), рр. 155, 266. Also, of course, for clarifying wine. 
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proteins by heat, and the mechanical entanglement of the substances causing 
the inorganic or organic turbidity, will suffice to account for it. It seems more 
likely that the mutual precipitation of oppositely charged colloids? plays a large 
part. The recognition of the electric charges on colloid particles was one of the 
foundation-stones of colloid chemistry,? and in this clearing or clarification of 
salt solutions we must have one of the earliest empirical applications of it. 

Let us look now at the last of our accounts of saltpetre making and testing; it 
comes from the military compendium Phing Phi Pai Chin Fang! (The Washer- 
man's Precious Salve; Appropriate Techniques of Successful Warfare), edited 
by Hui Lu? at some time not long after+ 1626. He says: 


Take half a pan (kuo*) of crude saltpetre (in water) and boil it until the salt dissolves 
(completely). Then take one large red turnip, cut it up into four or five slices and put 
them into the boiling liquid. Remove the turnip (slices) when they have become cooked 
(and turn soft). Then mix the white of three eggs with two or three bowlfuls of water, 
and pour it into the pan while stirring with an iron spoon. Remove all the solid material 
(cha tzu) floating on the surface. Then take about two ounces of the best clear liquefied 
glue, and pour it into the pan. After bringing to the boil again 3 to 5 times the contents of 
the pan are poured into a porcelain basin and then covered. The (precipitated) solids 
should not be allowed to flow out together with the water. The basin must not be moved 
or else the chhi may leak away. It is put into a cool place overnight. 

If the needle-like crystals (chhiang®, lit. spears)? which form look extremely fine and 
lustrous, (the saltpetre) is fit for use. If the crystals are not fine, or if they still have a 
salty taste, the chemical is not ready for making (gun)powder; and the above process 
should be repeated to refine (the saltpetre) once more. 


Next Hui Lu mentions three methods of testing the nitrate. He says:* 


There are only three ways to test solve-stone (saltpetre). The needle-like crystals should 
be extremely fine, the colour should be very lustrous and the taste should be insipid. If 
the product is white and without lustre, the impurities have not all been removed. If one 
tastes the crystals with the tip of the tongue and still finds them salty and tart, that is a 
sign that the salt has not all been removed. These two factors very often give rise to 
confusion and much harm can be caused as a result. However, saltpetre manufacturers 
often think in terms of profit and consequently it is very difficult to obtain purified 
saltpetre. But we can test the saltpetre by asking the manufacturer himself to hold the 
saltpetre (which he claims to be pure and genuine) on the palm of his hand and ignite it. 


* Perhaps more correctly, of oppositely charged hydrophilic suspensoids. See Findlay (1), p. 282; Bull (1), 
рр. 224 f., 327; Alexander & Johnson (1). 

^ Cf. Hardy (1, 2, 3). 

© Ch. 4, p. 4a, b. The passage is almost identical with an earlier one in the Ping Lu? of +1606 (ch. 11, 
p. 55). On the title see p. 35 above. 

9 [tis interesting to note the term used here to denote the needle-like crystals of saltpetre. Obviously there 
was no technical term for these, and Hui Lu borrowed the word chhiang for this purpose. We have not found 
any dictionary which gives it the meaning it has here. In the Ping Lu the word chhiang’ is written with the 
‘metal’ radical. 

* Ch. 4, p. 54; tr. auct. 
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One should only (buy and) keep the saltpetre when it is found to burn on the palm 
without the hand becoming hot. Who would want to risk physical injury by thinking 
only about profit? This is the (third) method (of testing saltpetre). 


This passage has a distinctly more professional air than that of Sung Ying- 
Hsing, as might perhaps be expected. On the glue as well as the turnip extrac- 
tives we have already remarked. The test of the hand, however, is something 
new, and must have been very widespread, since we meet with it again in 
+17th-century Syria? but China may well have been its home, like saltpetre 
itself. And now we shall give no more quotations in this sub-section, concluding 
it with a few words on India in comparison with the Arabic culture-area. 

At what time saltpetre was first recognised, isolated and crystallised among 
the people of India remains obscure. At a guess, in view of their proximity to 
China, it can hardly have been later than the beginning of the + 13th century, 
when the Arabs first understood the matter. On the other hand, the transmis- 
sion of the knowledge from the Portuguese at the end of the + 15th? seems much 
too late. The Chinese text of +664 about the wandering Saka monk,* just refer- 
red to, indicates clearly that saltpetre was well known and produced in quantity 
by that time in Wu-Chhang!,? i.e. Udyàna, a region of the high Indus valley 
near Gandhara and Tokharestan, and by this time a Kushan or Saka principa- 
lity.’ But that is not really evidence for India. 

Many years ago, Berthelot’, translating a Latin MS. entitled Liber Secretorum 
Bubacaris, probably of the +13th century, conjectured that the ‘Indian salt’ 
named in a list of salts was saltpetre.! Berthelot rightly identified the author as 
the great Abū Bakr ibn Zakariya al-Ràzi (hence the title), and it was in fact 
more or less a translation of his systematic chemical treatise Kitab Sirr al-Asrar 
(Book of the Secret of Secrets), written about +g10/ When we look at the direct 
translation of this from the Arabic by Ruska, we find that in fact two salts are 
mentioned-—‘Chinese salt’ as well as ‘Indian salt. If one remembers the date, 
either, or indeed both, of these, could have been saltpetre; but the descriptions 


à Description in Rafeg (1), in Parry & Yapp (1), р. 299. Apparently it was part cf Syrian folklore 

^ So Arima Seihd (1); p. 4; Hime (1), p. 74 

© Translation in Vol. 5, pt. 3. p. 139. 

4 Or Wu-Chha^ 

© Tt lies south of the Hindu Kush mountains, on the border of modern Afghanistan and Pakistan, north of 
the road between Kabul and Peshawar. 

ÜobVoekispouys 0 Fo (40) рр: 3068. 

^ Paris Bib. Nat. MS. 6514, fols. 101—12, ef. 7156, fot. 114. Surprisingly, there seems to be no mention of this 
book anywhere in either Sarton, Thorndike or Ferguson. : 

i Pp. 308. Cf. Berthelot & Duval (1), p: 146. These authors, translating a Ѕусіас version of al-Razi’s book, 
included saltpetre among the boraxes (Dp..145, 154, 164, 198), but without justification from the original 
Arabic, as one can sec from Ruska (14), pp. 84, 99. Similarly, Berthelot & Houdas (1), p. 155, found the word 
àádrüd ina Jabivian text, and riaturally translated itas saltpetre, but it must have been a later interpolation 
because the term never occurs in the Jabirian Corpus, judging from the exhaustive studies of Kraus (2, 3). On 
the Corpus see. Vol. 5. рї ы pp. 391 б. 

j gee Vol. & риа, p. 398. 

* (14), pp. 84; 90: 
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are not promising, for the Indian salt is ‘black and friable, with very little glit- 
ter’, while of the Chinese salt al- Ràzi said that ‘all we know about it is that it is 
white and hard, and has a smell like that of boiled eggs’.* On the whole, then, 
this suggestion of Berthelot's leads to a dead end. 

And so does all the other evidence examined by Partington, who carefully 
weighed the legendary attributions, the undatable books, and the earliest Indian 
technical terms of problematical meaning.? There is no word in classical San- 
skrit for saltpetre, shoraka being derived from the Persian sAuraj. By +1526, the 
beginning of the Mughal (Mogul) Empire, there were plenty of guns and cannon 
in India, and therefore saltpetre for the gunpowder too, but that is much too late 
for our purpose: and before that time there seems to be little positive evidence for 
firearms other than Greek Fire and incendiaries. The crucial period, where 
future research will have to concentrate, lies between +1200 and +1400. In the 
meantime the obscurity remains. 

All this indicates that between about +200 and +1200 the Chinese alchemists 
and pharmacists were slowly and painfully working out methods of isolating and 
purifying inorganic salts of many kinds, particular progress being made after the 
time of Thao Hung-Ching in +500, so that recognisable fairly pure saltpetre was 
available for the first gunpowder mixtures in the middle of the +gth century. By 
contrast the oldest Arabic mention of saltpetre occurs in the Kitab al-Jami‘ fi 
al-Adwiya al-Mufrada (Book of the Assembly of Medical Simples) completed by 
Ibn al-Baithar about +1240,° after which many other mentions soon follow. 
There is, however, some reason to place the first knowledge of saltpetre among 
the Arabs in the first decades of that century,? while the earliest account of its 
use in war, especially for making gunpowder, belongs to the last decades of the 


a 


This must refer to the presence of traces of hydrogen sulphide, Н„$. As we see in Sect. 37 on the salt 
industry, there were several kinds of common salt in China wich names betraying this, e.g. hei yen! (black salt) 
and сййбї yen? (stinking salt}. In some processes the salt became contaminated with sulphides formed by 
bacterial action on the Са and Fe sulphates precipitated first during the evaporation. 

5j, pp. 21 t f. 

* Cf. Vol. 5, pt. 4. p. 194. Already by +1220 Bokhara and Samarqand had fallen to the Mongols, who were 
already established in Turkestan, so that many possibilities for the transmission of knowledge overland were 
эреп. as well as by the intermediation of the Arabic merchants along the sea route. Indeed there may be a 
reference to saltpetre in the book of “Abd al-Rahim al-Jaubari entitled. Kitáó a(-Mukhtár fi Kashf al-Asrar 

The Revelation of Secrets), which was finished in +1225 (cf. Mieli (г), р. 156). He mentions barüd al-thalji 
isnowy saltpetre, if that was what he meant) and says ‘that it was used by the magi in a fire-protective 
composition. Barid was certainly the old name for saltpetre among the Arabs, though it came to mean gunpew- 
der later on (cf. p. 45): C£ Partington (5), pp. 190-1 and passim. This looks as if al-Jaubart actually knew very 
ide about the stuff. though with : a vague impression that it had something to do with fire. For this reference 
we are indebted to Dr Ahmad Hassan of Aleppo. 

* That saltpetre in its natural state mixed with other salts had been available in the Near East long before 
has been. pointed out by Dr М. R. Bloch of the Negev Institute for And Zone Research in а private com- 
munication. їп one of the caves beneath a Byzantine stable in Avdat he recovered a mixture containing 70 % of 
potassium nitrate, the rest being mostly sodium chloride. He thinks that this probably originated from Dead 
Sea sylvinite (a mixture of KCl and NaCl) acted. upon by the urine which seeped: through. from the stable 
above. A similar situation seems to have occurred at Beth Govrin, between Jerusalem and Gad, though the 
archaeologists in 1965 regarded the very substanual amounts of saltpetré аза geological deposit. But although 

ihe salt may have been used fur various purposes in ancient times, il was certainly not recognised and named 
until the -- 13th century when knowledge transmitted from China was surely responsible. 
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same; this is the book of Hasan al-Rammah which we have already described (p. 
41 above). The passage of knowledge of saltpetre to the world of the Franks and 
Latins must have taken place quite soon after its first appearance among the 
Arabs, for as we also saw, Roger Bacon about +1260 knew of it, and the Liber 
Ignium followed on before the end of the century.? The Westerners may not have 
called it ‘Chinese snow’, but the Arabs certainly did (thalj al-Sin), and with great 
justice, for clearly it was recognised and prepared there long before anywhere 
else. This reason alone goes far to explain why China was the original home of 
all chemical explosives, starting with low-nitrate gunpowder.” 


(6) GUNPOWDER COMPOSITIONS AND THEIR 
PROPERTIES 


The word ‘gunpowder’, widely defined, should include all mixtures of saltpetre, 
sulphur and carbonaceous material; but any composition not containing char- 
coal, as for example those which incorporated honey, may be termed ‘proto- 
gunpowder’. Our word gunpowder arises from the fact that Europe knew it only 
for cannon or hand-guns. In China, however, prototype mixtures were known to 
alchemists, physicians, and perhaps fireworks technicians, for their deflagrative 
properties, some time before they began to be used as weapons. Hence the 
Chinese name for gunpowder, huo yao}, literally ‘fire-chemical’ or 'fire-drug'.* 
One also has to note that although a couple of centuries of the earlier stage of 
proto-gunpowder occurred in China, it never appeared in Europe at all—this in 
itself is an argument of some weight for diffusion from Asia. 

All the conditions necessary for the first discovery of gunpowder were pres- 
ent in China by Han times. Saltpetre, as we have seen, was then already known, 
and fully recognised by +500. Sulphur too appears in the +2nd-century Shen 
Nung Pén Tshao Ching? (Pharmacopoeia of the Heavenly Husbandman),* and in 
the natural history of Wu Phu?, the Wu Shih Pén Tshao* of about +235.° Charcoal 
was a substance commonly used in China from high antiquity. Alchemists were 
there also, busy from Chhin times onwards in the search for life-elixirs, which 


a Cf. pp. 48, 39, above. 

> As J. Е. Davis well saw, (1), vol. 3, pp. 8 F. 

* We must not anticipate arguments the proper place of which is with transmissions (p. 568 below), but 
here it is impossible to overlook the fact that the carliest names for gunpowder in Europe, names which lasted 
long in the Germanic languages, denoted a plant-drug, i.e. (Germ.) kraut, (Dan.) krud, (Flem.) kruyt, etc. This 
was noted by Partington (5), рр. 95 ff, but he offered no comment on it. That the earliest European gunners 
(+1325 onwards) should have used a word meaning plant or plant-drug seems a coincidence passing strange 
unless it was a direct translation of yao. This might be considered a reason for thinking that some transmission 
came overland rather than by way of the Arabs. Cf. Nielsen (1), p. 208; Falk & Torp (1), pp. 583, 585. 

d Ch. 2 (p. 57)- 

© PTKM, ch. 11 (p. бз). On sulphur-production methods in mediaeval China see Chang Yün-Ming (1). 
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naturally involved the putting together of chemical products in all combinations 
and permutations. The only question is, when exactly these three substances 
were first mixed, and the incendiary or explosive property of the mixture real- 
ised. Since substances used in early time could not have been very pure, espe- 
cially in the case of saltpetre, and also to some extent sulphur, one would rather 
expect the first Chinese mixtures to have been incendiary rather than explosive. 

But it is time to define our terms more clearly.* We may reasonably draw up 
a scheme of combustible substances on the following criteria, depending on the 
character of the combustion. 

(1) Slow burning. The old incendiaries: oils, pitch, sulphur, etc., used doubt- 
less on the earliest incendiary arrows, as well as by other methods of delivery. 
See pp. 75 F. above, on shih yu' and the like. 

(2) Quick burning. Distilled petroleum or naphtha (Greek Fire, méng huo yu’), 
either hurled in breakable pots with fuses or projected from mechanical flame- 
throwers. Still basically incendiary, though more effective against personnel. 

(3) Deflagration. Low-nitrate powders, containing (a) carbonaceous material, 
or (b) charcoal as such. То deflagrate is to burn with a sudden and sparkling 
combustion, producing a ‘whoosh’ like a rocket; and indeed as the nitrate pro- 
portion is increased these mixtures become suitable for rockets, as also for *Ro- 
man candles’, fire-lances (huo chhiang?) or ‘eruptors’, as we shall call them when 
of large dimensions. They could project incendiary balls, poisoned smoke-balls, 
and pieces of broken pottery and metal; though again essentially incendiary, 
they were as flame-throwers still more offensive against enemy troops, though 
not very prolonged in action. But here enters in the beginning of gunpowder's 
propellant property, since it carried the rocket huo chien retroactively to its 
destination.* 

(4) Explosion. This occurs with mixtures having higher proportions of nitrate, 
best with sulphur and charcoal alone as combustibles, but also sometimes in the 
presence of other substances such as arsenic. This may be termed ‘weak explo- 
sion’, giving the ‘explosive puff’, but if the firing is done in a closed space a 
considerable amount of noise can be produced, in fact a ‘bang’, and thin-walled 
containers of cast iron or other metal (‘bombs’, huo рћао?) can be broken by the 
explosion. 


^ What follows is based upon a conference which two of us (J. N. and W. L.) had with the late Professor 
J. R. Partington on the 18 and 19 July 1956. A somewhat more condensed version was published in Partington 
(5), p. 266. 

^ This is the point at which proto-gunpowder (in our terminology) turns into gunpowder. 

* A typical composition night be (in percentages of saltpetre, sulphur and carbon) 60:10:30 (Malina). 
Blasting powders also belong in this region, a famous French formula having saltpetre as low as 40:30:30 
(Davis (17), p. 48). 

Throughout this volume we give percentages in the following order: N (for saltpetre), S for sulphur, and C 
for carbon. This is the normal usage of explosives chemists (Partington (5), p. 324). It differs from that of the 
organic chemists, who use the order C: N : S for the ratio of the elements in organic compounds. 
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(5) Detonation.” When the nitrate content reaches the level of ‘modern gun- 
powder’, i.e. a suitably prepared mixture of saltpetre, sulphur and charcoal? in 
the proportions 75: 15; 10, a ‘brisant explosion results upon firing. Metal con- 
tainers burst with a loud noise, tearing and scattering, but leaving débris, and 
holes are blown in earth or masonry. The gunpowder is now a full propellant for 
projectiles launched from metal-barrel cannon or guns with walls of adequate 
strength (Auo thung', huo chhung?). It is much too ‘fast’ for use in rockets.* 

The proportions of the components just given are those of ‘service gunpow- 
der’, which has great propulsive force, but the ‘theoretical’ percentage figures 
are considered to be 75: 13: 12.? This mixture, gradually attained through some 
ten centuries from a probable starting-point of equal quantities of the three con- 
stituents,® constituted the first chemical explosive known to man. An explosion 
may be defined as a loud noise accompanied by the sudden going away of things 
from the places where they were before. An explosive substance of this classical 
type! is something capable of giving rise to a sudden release of its own energy 
and a vast increase of its volume; in black powder the nitrate, which constitutes 
built-in oxidising power for the combustion, produces suddenly 3000 times its 
bulk of gas, giving off white smoke and including nitrogen, the oxides of carbon, 
and many salts of potassium in particulate form. The temperature reached in 


* Here we follow the formulation of Partington, but we are aware that it does not quite represent the usage 
of contemporary explosives chemists. 

Burning, deflagration and explosion are terms used to describe (in order of increasing violence) the release of 
energy from a reacting system by the same type of mechanism which involves a hot reaction zone moving 
through the reactive material. This may be solid, liquid or gaseous, a single compound or a mixture. The 
reaction propagates because the unreacted material near the reaction zone is heated to above its decomposition 
temperature by heat conducted from the hot reaction zone. The propagation rates (rates of advance of the 
reaction zone) are typically less than 1 mm/sec. for burning; and about 1000 m/sec. or so for explosion. How- 
ever, the three types should be considered аз overlapping regions of one single range. 

Detonation, on the other hand, is a specific term applied to a process that propagates too quickly for heat 
conduction to-cause decomposition ahead of the reaction zone. The necessary decomposition of the unreacted 
material is brought about by immensely rapid compression, by a shock wave travelling through it at the speed 
of sound. This speed, and hence the velocity of detonation, can be calculated and does not vary much fora 
given material: Detonation velocities are observed in the range (say) 7000—10,000 m/sec. The result of a de- 
tonation is markedly different from that of an explosion: it is an obviously more violent event, and produces 
much smaller fragments from. ametal container with much more extreme fluctuations of air pressure at a 
distance, 

Thus in modern parlance gunpowder can never do more than explode, but silver fulminate, and organic 
‘high explosives’, detonate. On these latter see Urbański (1) and McGrath (1). 

We are indebted to Dr Nigel Davies of Fort Halstead for the information in this note. 

® Some importance attaches to the physical state of the constituents. On ‘corning’ sce p. 349 below. 

*. Partington was rather conservative, suggesting thar ‘true gunpowder’ should be taken as something be- 
tween (4) and (5) rather than between (9) and (4); but this viewpoint is not adopted here; since rocket- 
compositions: can hardly be denied the name of gunpowder, and indeed commonly bear it. 

9 See immediately below for the. reason of our inverted commas. The best discussions are those of Mellor 
(2), vol. 2, рр, 820; 835 E; Davis (17), рр. 39. 43; Marshall (1), vol. t, рр. 73; Ellern & Lancaster (1). We 
draw on these expositions m the following lines. We are indebted to Dr Peter Gray for an initiation into the 
subject in June 1953. 

* As we shail see. pp. 120 & below. 

* Могай ће high explosives now known produce gas, but alt do generate heat, so that the sudden heaüng of 
the surrounding air Ваза similar effect. У ч ` 
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the explosion is of the order of 3880°C. The intrinsic energy may of course be 
liberated without explosion, since black powder will burn when uncompressed 
or unconfined; in fire-crackers for instance the rupture of the container because 
of the evolved gases makes the noise that shocked Roger Bacon so much, 
not strictly the explosion of the powder.” Indeed, in comparison with high 
explosives, some of which are not combustible at all, gunpowder always essen- 
tially burns, but it can do this at so fast a speed that it can generate veritable 
explosions. 

In gunpowder it is the sulphur which lowers the ignition temperature to 
250°C. and on combustion raises the temperature to the fusion point of saltpetre 
(333°C.); sulphur also helps to increase the speed of combustion. The more the 
saltpetre the quicker the ignition and combustion are, and later on (p. 342) we 
shall document a continuous increase in the nitrate proportion which took place 
between the first warlike use of gunpowder in China in the + roth century, when 
the saltpetre hardly exceeded 50%, up to the ‘theoretical’ figure of 75%.° Thus 
the development was consistently from the slower and less vigorous effects to the 
maximum explosive power. As for the charcoal, its physical state, grain size, 
degree of aggregation and surface area, all turned out to be of much importance. 
Often quoted is the aphorism of John Bate in +1634: “The Saltpeter is the Soule, 
the Sulphur the Life, and the Coales the Body of it... But still in his time the 
optimal nitrate content was only just being approached in Europe.’ 


(7) PROTO-GUNPOWDER AND GUNPOWDER 
(i) The earliest alchemical ientatives and experiments 


The legend of Berthold Schwartz was in China no legend. There really were at 
least six centuries of alchemical experimentation before the first gunpowder ex- 
plosion, and here we must take a look at some of the records which have come 
down to us from those times. The climax of this alchemical prelude is found in 
one of the books in the Taoist Patrology (Tae Tsang) entitled Chen Yuan Miao Tao 
Yao Luch' (Classified Essentials of the Mysterious Tao of the True Origin of 
Things). This work details thirty-five elixir formulae or procedures which the 
writer considered wrong or dangerous, though some of them were popular in his 
ume. At least three concern saltpetre, treated with quartz or blue-green. rock 


* P48 above. 

5 In Chinese firecrackers the nitrate of the mixture is usually low, eg. 66-6: 166-163; Davis. (17), 
pp. 111 f. Of their ubiquity in Chinese culture we need say little: cf. Brewer (1), pp. 369-70. 

< Many attempts һауе been made to represent the explosion of gunpowder in a single, if complex, chemi- 
cal formula, but we need noi enlarge on this here; perhaps the best known is that of H, Debus in 1882. Several 
alternatives are possible, which is why there cannot be any definitive theoretical set of proportions, only a 
certain range. 

? Comparison із made on p. 358 below between Chinese and Western theories of gunpowder explosion. 

“TF giz. We gave à fuller account of itin Vol 5, pt. 3, pp. 58-9 but did nor пама the key passenge. 
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salt? and then the text goes on to say:? 


Some have heated together sulphur, realgar," and saltpetre with honey;? smoke (and 
flames) result, so that their hands and faces have been burnt, and even the whole 
house (where they were working) burned down. 

Evidently this only brings Taoism into discredit, and Taoist alchemists are thus 
warned clearly not to do it.* 

These words are of focal importance for our history, and their approximate 
date is therefore of much importance. The book is attributed to Chéng Yin! 
(Chéng Ssu-Yuan?) who lived between +220 and +300, the putative teacher of 
the prince of alchemists, Ko Hung?! but very little of it can seriously be attri- 
buted to him. One modern scholar has placed it about the middle of the Wu Tai 
period,* which would mean the neighbourhood of +930, but in view of military 
descriptions which we give elsewhere (pp. 80, 81, 85) this must be too late. 
Perhaps therefore the best date for our passage would be c. +850, and this we 
shall retain. 

It so happens that we have a circumstantial account of an alchemical disaster, 
quasi-fictional though it may be, just about contemporaneous with the foregoing 
fundamental deflagration statement, or even a little earlier. Li Fu-Yer? was a 
scholar from Kansu who was living and writing in +831, and in his Asian Kuai 
Hsü Lu (Continuation of the Record of Things Dark and Strange) he told the 
story of a young man named Tu Tzu-Chhun’, a story which was taken up and 
reprinted in the Thai-Phing Kuang Chi? collection. Tu was rescued from poverty 
by a strange old alchemist, in return for which he was called upon to help him in 
his elixir experiments. While the reactions in the stove were going on, he had to 
take certain drugs and meditate in front of a blank wall, but terrifying night- 
mares supervened, including the apparent death of his own son, and although he 


a The book also gives a test for saltpetre. 

> P. ga, tr. auct. Féng Chia-Shéng was the first to note the passage. (1), p. 42, (5), p. 38. That was in 1947, 
but our collaborator Tshao Thien-Chhin discovered it independently while working in Cambridge in 1950. 

* Arsenic disulphide. 

9 The drier the honey was allowed to become the better it would be as a source of carbon in this experiment. 

* Perhaps not surprisingly, identical prohibitions occur in Europe, but in the late +13th century, not the 
t 9th. As Berthelot (14), p. 694 pointed out, some versions of the Marcus Graecus text have the warning: 
"Caveas ne flamma tangat domum vel tectum’ (Beware lest the flames set the house and roof on fire !). And 
there is another statement: ‘Haec autem sub tecto бегі prohibentum quoniam periculum immineret! (It is 
forbidden to make this (mixture) under a roof, because of the danger). Such parallels are very noteworthy; cf. 
Partington (5), p. 45. 

f Cf. Vol. 5, pt. 3, pp. 76-7. 

* Ong Thung-Wén (г). Besides Thang historical references, he discovered quotations from Yen Lo Tzu* 
(the Smoky Vine Master), whose floruit was Wu Tai, +936 to +943. But these could have been later interpola- 
tions. Apparently also there was a Chéng Ssu-Yuan in the + toth century. But he was not necessarily the real 
author. The doubts of Ong are shared to some extent by Kuo Chéng-I (7) and Wang Khuei-Kho & Chu Shéng 


1). 

^ TPKC, ch. 16, pp. 15 ff. (vol. 1, pp. 132—3). We gave a fuller account of the proceedings in Vol. 5, pt. 4, p. 
420, but we did not enlarge on the final explosion. It was Féng Chia-Shéng (7), p. 43, who first saw the 
significance of it. 
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had been strictly warned not to make any sound. 


as he awoke from his terrible visions near daybreak he cried out ‘ai! ai, and then saw 
purple flames already enveloping the house. Fierce flame burst forth from the chemical 
furnace (yao lu), and set light to all the rooms around the courtyard. The foreign Taoist 
jumped into a water-butt and disappeared. Previously he had said that whatever the 
emotion and temptations the young man should say absolutely nothing, but in the end 
he had not been able to contain himself. 


So again this seems like an account of some deflagrative composition. Perhaps 
the Taoist had been mixing saltpetre, sulphur and some source of carbon.” 

When could we find the earliest account of saltpetre and sulphur together in an 
alchemical process? The answer could be in the neighbourhood of +300, for the 
Pao Phu Tzu? book of Ko Hung, already mentioned, has this in one of his aurifac- 
tive procedures. It is worth while giving the recipe in full, since we have not 
before done so. The text reads:^ 


Child's-play Method for making alchemical Gold (Hsiao erh tso huang chin fa?). 

Prepare one iron cylinder 12 in. in diameter and 12 in. deep, and another smaller one 
6 in. in diameter and highly polished. Grind and sieve т lb: each of (dry) red bole clay, 
saltpetre (Asiao shih’), mica, red haematite and calcareous spar, and mix them with $ lb. 
of sulphur and 4 oz. of laminar malachite. Make the powder into a paste with vinegar. 
Then coat the interior of the small cylinder with it to a thickness of 3th of an inch. 

Take 1 lb. of mercury and 1 lb. each of cinnabar and lead amalgam.... Mix these 
thoroughly together with the mercury until (globules) are no longer visible, then place 
the material in the smaller cylinder and cover over with mica, closing it with an iron lid. 
Place the smaller cylinder within the larger one, set them both on a stove, and pour in 
enough molten lead to cover the smaller container and reach within } in. of the brim of 
the larger one. Then heat over a raging fire for three days and three nights. What forms 
is called ‘purple powder’ (tzu fen). 

Seven inch-square spatulae of this, used for projection, will immediately turn ro lb. of 
molten lead into gold; but the lead must have been held in the liquid state for 20 days 
beforehand in an iron vessel, and transferred to a copper vessel for the projection. Again, 
three inch-square spatulae of the same purple powder will at once turn heated mercury 
in an iron vessel to silver. 


* There are plenty of accounts of alchemical explosions in the literature, but of course one can never be sure 
that mixtures of the gunpowder type were concerned, though very probably they sometimes were. For exam- 
ple, in a book entitled Kuei Tung? (The Control of Spirits), written by a Mr Shen? probably about +1185 but 
not printed till 4 1218, there is a discussion between a doughty soldier Wei Tzu-Tung? and his friend Tuan 
Kung-Chuang? about ghosts and apparitions, weird animals, and Taoist alchemical laboratories in caves, 
such as those of Thai-pai Shan?, where they were talking. The story was that a certain Thang alchemist had 
experienced an explosion in which the furnace was blown asunder by the blast (yao ting pao Пећ). If the 
tradition was trustworthy it could well have been someone playing about with saltpetre, sulphur and sources of 
carbon. 

> Ch. 16, p. 94, Ё, tr. auct. adjuv. Ware (5), рр. 274—5. Cf. elixir no. 54 in Vol. 5, pt. 3, p. 95. Wang Ling 
was the first to draw attention to this passage, (1), p. 161. 
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What was really happening here is anyone's guess, and only a repetition under 
laboratory conditions could decide. Of the 73 lb. of reactants, only 1} lb. were 
nitrate? and sulphur, and although some carbon would have been present in the 
form of the carbonates of calcium and copper, it is unlikely that any fireworks 
would have resulted. Too many other elements were present—aluminium, 
silica, and iron, with probably small amounts of chromium and manganese. 
The lead would have held the temperature between 325° and 1500" C., while the 
heated mercury would have been below 360°. What the purple powder was re- 
mains uncertain,? but one thing is certain—sulphur and saltpetre were both 
ingredients in an alchemist’s formula at the beginning of the +4th century. If 
this was going to be pursued, the spagyrical masters would infallibly hit one day, 
‘accidentally’ it would be said, upon the inflammable nature of proto- 
gunpowder. 

But more still, we can find in the Pao Phu Tzu book a combination of the three 
essential constituents, nitrate, sulphur and carbonaceous material. This occurs 
in a process for getting elementary metallic arsenic, the passage on which," mis- 
understood by all translators.so far,? has now been elucidated by Wang Khuei- 
Kho & Chu Shéng (г). After saying that realgar (Asiung huang', arsenic di- 
sulphide) can at need be consumed in hot water or wine, Ko Hung goes on to 
direct three treatments, with recrystallised saltpetre (Asiao shih”), with (dried and 
powdered) large intestine of the pig (chu ипе?) heated in a red clay stove, and 
finally with pine resin (sung chih*). Then come the words: ‘if you transmute with 
it these three things, (arsenical vapours} will arise like wisps of cloth, and (arse- 
nic) sublimes as white as ice’.° Two separate points arise here. also, first the 
question of the earliest preparation of pure metallic arsenic,’ but second, more 
important for us here, the fact that the three gunpowder components are present 
all. at once. No mention of a deflagration, or the possibility of one, is made by Ko 
Hung, but perhaps the presence of that danger was why he may have done it in 
three steps. Saltpetre oxidises the sulphide to arsenious oxide, ‘white like ice’, 


^ Saltpetre, as we have said (p. 96), appears again in three other places in Pao Phu Tzu, (ch. t1, p. 85, ch. 16, 
pp. 75, 84), but mainly in connection with vinegar in solubilisation techniques (cf. Vol. 5, pr. 4, pp. 167 ©}, not 
with sulphur: Cf Kao Ching-l (3). 

5 Ware (5) thought litharge (PbO), Hsüeh YG (1) thought cinnabar (HgS). 

© Chari, pios). 

9 Ware (5), p. 188; Davis & Chhen Kuo-Fu (1), p. 916. Feifel (3), p. 17, got nearesr, if not very near, saying 
‘knead it with these three things? 

* Dsananclien chiht, yin chit зори; pai je ping*. 

7 “This is generally ascribed to one of the alchemical writings, probably of the  :4th century, attributed to 
Albertus Magnas (Mellor (1), p.505; Multhauf (5), p- 189; Jagnaux (1). vol. 1, p.656: Sarton (1), vol, 
v. 937). But Sivin- (1), pp. 1808 has shown experimentally that it was already accomplished in the mid 
+ 3th-century Thai-Chhing Tan Ching Yao Chieh, probably written by Sun Ssu- Mo (cf. Vol. 5, pt. 3, pp. 132-3). 
Wang-and his collaborators have repeated and confirmed this in the laboratory. Now: it seems that we can 
trace &s preparation back to Ko-Hung about the beginning of the -F4th century. 
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and then the carbonaceous materials reduce this to volatile elementary arsenic.* 
Perhaps it might not be too far-fetched to trace back the persistent inclusion of 
arsenic in later Chinese gunpowder compositions to ancient experiments of this 
kind. 

We must next come down to a period between Ko Hung and the Taoist who 
warned of the danger of the proto-gunpowder mixture. The Chu Chia Shen Phin 
Tan Fa! (Methods of the Various Schools for Magical Elixir Preparations) is a 
collection made at some time during the Sung (i.e. after +960), but it assembled 
many recipes of much earlier dates. No name of principal author or compiler is 
given. Here in one place we find a ‘Process in the Elixir Manuals for the sub- 
duing of Sulphur’ (Tan ching nei fu liu huang fa^). It reads as follows:? 


Take of sulphur and saltpetre (Asiao skih’) 2 oz. each and grind them together, then put 
them in a silver-melting crucible or a refractory pot (sha kuan^). Dig a pit in the ground 
and put the vessel inside it so that its top is level with the ground, and pack it all round 
with earth. Take three perfect pods of the soap-bean tree (sao chio”),° uneaten by insects, 
and char them so that they keep their shape, then put them into the pot with the sulphur 
and the saltpetre. After the flames have subsided close the mouth and place 3 Ib. of 
glowing charcoal on the lid; when this has been about one-third consumed remove all of 
it. The substance need not be cool before it is taken out——it has been ‘subdued by fire’ 
(fu huo?). 


What this meant was that chemical changes had taken place giving a new and 
more stable product. As we remarked when we first discussed the passage, this 
operation seems to have been designed to produce potassium sulphate, and was 
therefore not in itself very exciting, but on the way Sun Ssu-Mo’ (or whoever 
it was) stumbled upon a truly deflagrative mixture, later to lead to veritable 
explosions.” 

The attribution is in fact a little асин.“ The process as it stands is anony- 
mous, but the one before it carries the name of Huang San Kuan-jen? (His Ex- 
cellency Huang Tertius), about whom nothing is known, and the one before that 
is given the name of the great Sui alchemist and physician Sun Ssu-Mo (+581 to 
+682). If Sun was responsible for the soap-bean pods the date of the recipe 
would be about +650. The belief that he was is strengthened by another which 


*. Which sublimes аз а black, grey or yellow substance (Durrant {1}, р. 479; Multhauf (5), p. 108). The 
whoie sequence could be demonstrated experimentally by Wang's collaborators Kuo Thung & Yuan Shu-Yà. 
What exactly would happen ifall the constituents were heated together under various conditions remains a 
matter for speculation. 

*. TT gti; ch. 5; p. rra, tf. auct; Féng Chia-Sheng was the first xo Aad diis text, (1); p. At, UD. p. 35, (б), 
p. то. itis also quoted in Yen Tun-Chieh (20), рого 

7 Gleditsia sinensis (CG 585). 

З Vol s, pt. 3, pp- 137-8. * CE Sivin (1j, pp. 76-7. 

* Neither of these concerned gunpowder or proin-gunpowder. 
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appears on the previous раве,“ attributed to the Holy Immortal Sun,^ almost 
certainly Sun Ssu-Mo. This mixes an ounce each of saltpetre and sulphur with 
half an ounce of borax (tincal, sodium borate, phéng sha?), a combination which 
would surely be inflammable though hardly deflagrative; here again simple 
laboratory tests would settle its properties. Even if Sun himself was not responsi- 
ble for these sulphur-saltpetre contiguities,° there were still two centuries to run 
before +850, and their rather archaic nature must place them then in the +8th 
or at latest early +oth century. 

From this latter time there comes another instance of our theme, found in the 
Chhien Hung Chia Kéng Chih Pao Chi Chhéng* (Complete Compendium on the 
Perfect Treasure of Lead, Mercury, Wood and Metal), compiled by Chao Nai- 
Ап? about +808.° In this work there is a ‘Method of subduing Alum (or Vitriol) 
by Fire’ (Fu huo fan fa®);‘ it involved mixing together 2 oz. each of saltpetre and 
sulphur with 0-35 oz. of dried aristolochia (ma tou ling’). With the carbon pre- 
sent in such a form the preparation would have ignited suddenly, bursting into 
flames but not actually exploding—as indeed Féng Chia-Shéng & Li Chhiao- 
Phing were able to show by actual experiment." Thus one may say that the 
whole succession hangs together, from Ko Hung's use of saltpetre and sulphur 
mixtures (and probably some of the late Han alchemists had done it before him) 
through Sun Ssu-Mo and Chao Nai-An to the warnings of the mid 9th cen- 
tury, and then the application of the ‘fire-drug’ in war at the very beginning of 
the +1oth, finally the printed compositions in the Wu Ching Tsung Yao dating 
from the early +11th. 

Before examining these, however, we should take another look at the rather 
curious appellation ‘fire-drug’ (huo yao), for it has a background the signi- 
ficance of which has already been hinted at (p. 6). The word yao originally 
meant a drug-plant or plant drug, but medicines of mineral and animal origin 
were always included in the Chinese pharmaceutical natural histories, from the 
Shen Nung Pén Tshao Ching onwards. Hence it came to mean for the alchemists any 
chemical substance, and the phrase could therefore be translated ‘fire-medicine’ 
or ‘fire-chemical’ equally well. It indicates clearly that those who first occupied 
themselves with it, indeed those who discovered it, were Taoist alchemists and 


a P. 106. 

> From a Sun chen-jen Tan Ching!, otherwise unknown, and not the same as Sun's Tan Ching Yao Chüefr 
(Essentials of the Elixir Manuals, for Oral Transmission). 

© Both Kuo Chéng-I (2, 2) and Wang Khuei-Kho & Chu Shéng (г) doubt the connection. 

3 TT 912. Chao's philosophical names were Chih I Tzu? and Chhing Hsü Tzu’. 

* A discrepancy in the stated datings has led some to prefer a time in Wu Tai or even Sung, but that would 
be too late to correspond with the military evidence. 

* This was first noted by Féng Chia-Shéng. 

= Aristolochia, prob. debilis (R 585; СС 1559). 

^ Féng Chia-Shéng (7), pp. 41-2, (6), p. 10. 
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physicians rather than military men.* Thus its appearance as a medicine in the 
Pén Tshao Kang Mu of +1596 was quite in character. Li Shih-Chen wrote: 


Gunpowder has a bitter-sour sapidity, and is slightly toxic. It can be used to treat sores 
and ringworm, it kills worms and insects, and it dispels damp chhi and hot epidemic 
fevers. It is composed of saltpetre, sulphur and pine charcoal, and it is used for. (making) 
various (incendiary and explosive) preparations ( yao!) for beacon-fires, guns and can- 
non ( feng sui chhung ( fo-lang) chi?).® 


There was thus no sharp line of distinction between medicines, drugs and chem- 
icals;? and the technical term betrays the centuries of medico-alchemical work 
which preceded the adoption of the mixture in war—in China, that is to say, since 
in the Western world gunpowder appeared fuli-fledged. Indeed, when physiological 
alchemy (nei tan?) tended in China to replace chemical laboratory alchemy (wai 
tan^), the phrase huo yao was taken over in connection with the formation of ‘inner 
elixirs’ or enchymomas.* Lastly, the alchemists’ secrecy injunctions of those cen- 
turies have often been remarked on, and this must have operated with particular 
force when a dangerous substance had been discovered. And the relations of the 
Taoists with the military were quite close, as is shown, for example, by the 
authorship of the Thai Pai Yin Ching, by the titles of many military manuals in the 
bibliographies of the dynastic histories, and by the names of military formations 
which often conformed to Taoist cosmological lore. 


(ii) The Sung formulae 


It would have been around the year +1040, during the life of William the Con- 
queror, that Tséng Kung-Liang and his assistants were writing down the first 
gunpowder formulae to be printed and published in any civilisation, though 
evidence already given (pp. 80, 111) shows that the essentials of the mixture 
must have been known and used for at least a century previously. In the Wu Ching 
Tsung Yao there are three of these formulae, first for a quasi-explosive bomb to be 
shot off from a trebuchet (Auo (phao) yao*), secondly a similar bomb with hooks 
attached so that it would fasten itself to any wooden structures and set them on 
fire (chi li huo chhiu®), and thirdly a poison-smoke ball which would attack the 
enemy chemically (tu yao yen chhiu’). To these we can add a formula 


* The point was strongly made by Féng Chia-Shéng (7), p. 31. 
Ch. 11, p. боа (p. 78), tr. auct. 
On the last item see p. 369 below. 
All, so often, in the form of powders. 
This is fully explained in Vol. 5, pt. 5. It should be emphasised that this is the only context where the 
*pyrial drug’ has any meaning other than gunpowder. Cf. p. 7 above. 
* Cf. Vol. 5, pt. 3, pp. 38, 74, 104, pt. 4, pp. 70, 259. An outstanding instance, of an oath sealed with blood, 
occurs in PPT/NP, ch. 4, p. 54, tr. Ware (5), p. 75. 
= These points were well put by Féng Chia-Shéng (г), p. 45. Cf. p. 19 above. 
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for another poisonous mixture probably intended to accompany a gunpowder- 
containing missile, which would provide the flame necessary to dissipate it as a 
smoke. It has been suggested that the relatively high content of sulphur betrays 
the origin of these projectiles from simple incendiaries,? but in fact the sulphur 
is not particularly prominent in them; carbonaceous materials other than char- 
coal form the main bulk, though charcoal itself is generally specified —what 
betrays the incendiary origin is surely rather the pitch and the various oils, 
Although we cannot deny the name of gunpowder to these compositions, it is 
still at a very low-nitrate level, deflagrative and incendiary rather than explo- 
sive. Later on we shall trace the rise in saltpetre content as the years and battles 
went by. 

The first specification (Fig. 9) is called simply ‘Method for making the fire- 
chemical’ (huo yao fa)’, and it lists the following ingredients; 


02. 
Chin-chou? sulphur? 14 
wo huang’ (perhaps nodular sulphur)* 7 
saltpetre ( yen hsiao*) 40 
hemp roots (ma ји?) { 
dried lacquer 1 
arsenic (phi huang?)' t 
white lead (ting fén")* 1 
bamboo roots (chu ju?) i 
minium (Auang fan?" П 
yellow wax 0-5 
clear oil Or 
tung ой! 0-5 
pine resin 14. 
thick oil (91 
82-9! 


* Chao Theb Наа (17), p. то. 

5 WCTY/CC, ch. 12, p- 575, 58а, 5, tr. auct. 

* The original figures are given in ehiéng!? (15 Ib.) chin! ПЫ), Bang (oz) and Jë 
we reduce them all to ounces for the sake of uniformity and simplicity. 

^ [n Sung times this was the name of a city in Shansi, where there are indeed good sulphur deposits. 

* This stem is dificult, for. the phrase ‘nest yellow’ cannot be found in any dictionary or reference work. 
Ít seems: that "chickens. nest yellow" (oti Хдо huang'*) was з synonym of feng huang’, realgar (arsenic 
disulphide), see PTKMSI. ch. 2 (p. 64); but we suspect that some kind of sulphür was meant here. 

* Probably one of the sulphides rather than oue of the oxides. 

= Lead carbonate. * 

> Lead tetroxide, red lead: 





3 tenths of an oz.j, but 
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for making the fire-chemical’ (Ашо yao fa) 
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The text then explains that the sulphur and saltpetre are to be pounded together 
and passed through a sieve, the arsenic, white lead and minium are ground 
together, the dried lacquer is pounded separately to a powder, the bamboo and 
hemp roots are slightly roasted and then comminuted to a powder, finally the 
yellow wax, pine resin, and the three sorts of oil are boiled together into a pasty 
mass. All the powders are then introduced into the thick soupy material, with 
constant stirring until evenly suspended. The resulting mass is wrapped into a 
ball with five layers of paper, tied up with hemp string, and covered with melted 
pine resin. The bomb is then ready to be discharged by a trebuchet (рѓао!) а 

What did this mean in terms of percentage composition of saltpetre, sulphur 
and carbonaceous material? As in the other cases which we shall be examining, 
it depends upon what constituents (apart of course from the inorganic ones) are 
included. So we can tabulate the first formula as follows: 


% 
N S C 
all carbonaceous matter being taken 55:4 19-4 25:2 
ditto, assuming that wo huang is sulphur 50-5 26-5 23:0 


Some writers have obtained higher saltpetre percentages by noting the absence 
of charcoal,” or by taking the plant roots as the only available carbon,‘ but this 
is surely inadmissible. Others have followed the second alternative, while 
others again have avoided percentage calculations." In any case, the fact that 
there is no charcoal as such in the formula means that we must call it proto- 
gunpowder; and like all the others in the Wu Ching Tsung Yao, its function must 
have been primarily incendiary, though no doubt it burnt with a fierce deflagra- 
tion. 

The second gunpowder formula (Fig. 10) is for ‘thorny fire-balls’ (chi li huo 
chhiu? or huo chi li?),! which took their name from the calthrop® or the water- 
calthrop, plants the fruits of which have spines or horns. Derivatively, the calth- 
rop in military parlance is an instrument with four or more spikes disposed in a 
triangular form so that when three of them are on the ground the others will 
point upwards to wound the feet of horses and men.! In the present case (Fig. 
17) the spikes were shaped like hooks or arrow-heads, designed to catch on to 


* Nothing is said of a fuse, but there must have been one, for the artillerist to light before despatching the 
missile. The text says ‘for attacking gates’. 
^ E.g. Chao Thieh-Han (7), p. то. 
Ho Ping-Yü (priv. comm.). 
Arima (ғ), p. 43; Partington (5), p. 273; and ourselves formerly. 
Wang Ling (1); Davis & Ware (1), p. 524. 
WCTY/CC, ch. i2, p. 65a, b, tr. auct. 
Tribulus terrestris, R 364, Stuart (1), p. 441. 
Trapa natans, R 243; the па? or chi shih’. 
Cf. Wang Chung-Shu (1), p. 123 and fig. 156. 
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Fig. ro. Two further pages of the Wu Ching Tsung Yao of +1044 showing examples of the gunpowder formul 
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objects and set them alight. The preamble says that the device has three hooks 
and six iron knives, inside the frame of which the gunpowder 1s enveloped in 
paper bound with hempen string, and finally eight iron calthrops are attached, 
cach with fine backward-pointing prongs. At the time of firing a red-hot iron 
brand is thrust in, and as the ball begins to blaze it is shot off from a trebuchet. 
Furthermore, when all the constituents of the inner ball have been melted 
together, they are wrapped up in many layers of paper tied with hemp, and a 
coating of the second mixture plastered over it. Here are the listed ingredients: 








Inner bali Oz. 
sulphur 20 
saltpetre 40 
coarse charcoal powder 5 
pitch (li chhing!) 2-5 
dried lacquer, pounded to a powder 2:5 
bamboo roots DI 
hemp roots, cut into shreds pg 
tung oil 2-5 
lesser oil (Axiac_yu?)* 25 
wax 2:5 

79:7 

Ouler coating == 
рарег 12:5 
hemp (fibre) IO 
minium (red lead? pg 
charcoal powder 8 
pitch 2-5 
yellow wax 2:5 

36-6 116.3 
Calculating the percentages we find the following figures: 
% 

If inner ball alone considered N S C 
all carbonaceous matter being taken 50-2 25:1 24-7 
taking charcoal specified alone 61-5 30-8 77 

If outer covering included 
all.carbonaceous material being taken 34-7 к 47:9 
taking charcoal specified alone 54-8 274 17-8 


Here Chao Thich-Han and Ho Ping-Y ü, omitting all the non-charcoal carbon, 
obtained approximately the result on the second line, while Partington preferred 


* This is again a mysterious пет, but probabiy edible oil from smali beans of some kind as opposed to 
soya-beans. 
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the third, and Arima adopted the first, as we ourselves originally did. Since the 
function of the device was essentially incendiary, it may be that the third line 
is the best conclusion. Although the nitrate-content is in this case so low, the 
name of true gunpowder cannot be withheld because a considerable quantity 
of charcoal was present; and it would be reasonable to compare the figures on 
the first line with those established just above for the incendiary bomb of 
proto-gunpowder. 

With the third formula we enter the field of chemical, or at least pharmaco- 
logical, warfare, in its medieval manifestation. It is called zu yao yen chhiu! (poison- 
ous smoke bomb), and appears in the previous chapter,? which has a section 
entitled Лио kung? (attack by fire)." According to the preamble about ordinary 
non-toxic smoke bombs, the inner core weighing 3 Ib. is to be of a gunpowder 
composition thickly plastered over with about 1 lb. of yellow Лао tinder (huang 
hao i huai?) as à wrapping." But the poison-smoke bomb core, after being thor- 
oughly mixed and made into a ball tied up with 12-5 ft. of hemp string, is to have 
a different coating, as specified in the table, almost identical with that of the 
preceding formula. At the time of firing, the ball is ignited by means of a red-hot 
iron brand pushed in, and then quickly shot off. ‘The ingredients are as follows: 


Inner ball 02. 
sulphur 15 
blaze-solve (saltpetre, yen Asiao*) 30 


aconite (ishao wu thoi? 
croton oil (pa ѓоиб)“ 
wolfsbane (/ang tu^) 
tung oil 

lesser oil (Asiao yu") 
charcoal powder 

pitch (4 cAhing?) 





arsenic (phi shuang?)* 2 
yellow wax I 
bamboo roots 1-1 


hemp roots 





> СТУС, ch. ii, pp. 275. 388, iv. auct 

> Pp. 195 8. 

* This is from Gnaphalium muiticeps (R 35; Stuart i 
of ihe celebrated moxa tinder (сЁ Burkill (1), vol. з, pp. 243 Lu Gwei-Djen & Needham (4), pp. i. 
го Е). Both these plants have hirsute icaves the hairs of which contribute to the tinder texture when dried 
pounded, compacted, and again dried to evaporate the oil, This was an ingenious device, for ihe glowing tinder 
would have acted as a fuse, igniting the gunpowder only when it was nearing its destination 

© Sconitum facheri, R522 Croton üglium, R427: 
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Outer covering 


old paper (ku chih') 12-5 
hemp (stalk) skin (ma phi?) fibre 10 
pitch 2:5 
yellow wax 2:5 
minium (red lead) let 
charcoal, finely divided (than mo?) 8 

36-6 114-3 


First it may be noted that this composition contains three of the five power- 
ful poisons mentioned in the Shen Nung Pén Tshao Ching of antiquity.? These 
substances occur again, as will be seen (рр. 343—4), in similar recipes in later 
military compendia, though sometimes with slightly different names. Though 
full combustion would have destroyed their active principles, enough went off in 
the smoke (like doses of nicotine from burning cigars) to produce the effects 
sought, in this case great discomfort of the enemy troops, with bleeding from the 
mouth and nose. The instructions say that many methods of delivery are possi- 
ble; the deflagrative poison-smoke bombs can be hurled at the attackers of a city 
by trebuchets, or they can be shot off as fire-arrows from bows, crossbows or 
arcuballistae.» The percentages come out as follows: 


% 
N S C 

If inner ball alone considered 

all carbonaceous matter taken 39:6 19:8 40:5 

ditto, excluding the poisons 49:4 24-7 25:9 

charcoal specified alone 60-0 30-0 10-0 
If outer covering included 

all carbonaceous matter taken 27-0 13:5 59:5 

ditto, excluding the poisons 81:2 15:6 53:2 

charcoal specified alone 51:7 25:9 22-4 


Once again the estimates of previous writers depended on what they assumed. 
We formerly adopted the first, Arima the second, and Chao Thieh-Han the 
third. Ho Ping-Yü got a figure between the third and the sixth, while Partington 
gave one between the first and the fifth. Since smoke was the aim, the fourth may 
be the best, but true gunpowder it was because all the essential constituents of 
that mixture were present, even if in a sense incognito. 

Finally, we may add one further poison-smoke formula, that named fen phao 
kuan fa* (faeces trebuchet bomb).* The constituents, which we shall list, were to 


а Ch. з (pp. 87, 88, до). This chapter contains the most powerful (‘adjuvant’) drugs, therefore of the third 
class. They were all recommended in the Mohist military chapters for poisoning wells in sieges. 

> According to the range desired. 

© WCTY/CC, ch. 12, p. 585, tr. auct. 
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be heated to boiling (or perhaps on a boiling water-bath) and filled into stop- 
pered bottles or containers each holding about 20 oz. for storage and use. These 
were to be fired from trebuchets, and presumably along with one of the gunpow- 
der mixtures to make the material into a smoke when the container broke on 
impact. The ingredients were as follows: 


oz. 
human faeces ( jen chhing!), dried, 
powdered and sifted very fine 240* 
wolfsbane 8 
aconite 8 
croton oil 8 
soap-bean (pods, tsao chio?)^ 8 
arsenious oxide 8 
arsenic sulphide 8 
cantharides (pan mao?)* 4 
lime (shih hui’) 16 
tung oil (or Perilla oil, jen yu>)4 8 
316 


The whole amount was thus 19-75 lb. The use of faeces as the vehicle was pre- 
sumably to diffuse a disagreeable dust; the main content would have been in- 
digestible material such as cellulose, but enough skatol and indol compounds 
could have been present to make it stink. One should remember that human 
manure had been used in Chinese agriculture from time immemorial, so the 
medium was not far-fetched— what mattered were the poisons. The description 
says that the fumes of the formula, good for use in attacking cities, would pene- 
trate the chinks of iron or other armour causing severe irritation and blistering. 
If the artillerists firing it off suck black plums (wu mei$)* and Chinese liquorice 
(kan tshao’)‘ they will be protected against the poisons. 

It seems that the history of ancient and medieval poison-smokes has not yet 
been written, but it is easy to find a number of European +15th-century exam- 
ples of gunpowder-smokes containing arsenic. Perhaps the nearest parallel to 
the Chinese use of plant poisons in toxic fogs occurs in the Arthafastra,^ and 
it must be old, though whether it was there in the oldest versions would be hard 
to say. 

а One chhéng8, i.e. 15 Ib. > Gleditsia sinensis, R 387. 

* Mylabris cinchorii {R 29), not the same as the blister-beetle of Europe. 

d [f not from Aleurites fordii (R 321), jen thung?, this must be from Perilla nankingensis (R 135), kuei jen!®. 
Fruits of Prunus mume, smoked when half-ripe (Stuart (1), p. 355). 

Glycyrrhiza glabra, R 391. 

= Partington (5), pp. 149, 158, 160. A formula of +1437 has 11-6% arsenic and 34:896 saltpetre, with 
sulphur, charcoal and much resin. 

® Tr. Shamasastry (1), рр. 441—2. 
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The recognition of gunpowder as a strategic war material already in the 
-F 11th century is reflected in the prohibitions of the export of the explosive and 
its raw materials to the Chhitan Tartars during the Northern Sung period. In 
modern terms one might say that the Sung government was apprehensive of the 
proliferation of gunpowder weapons.* For example, the Sung Shih tells us® that in 
+1067 the people of the Ho-tung! and Ho-pei? prefectures? were forbidden by 
edict to sell to foreigners any sulphur, saltpetre or ‘lu kan shik’? Similarly, in 
+1076 an order was issued banning all private transactions in sulphur and salt- 
petre, for fear of their being smuggled out across the border. This suggests the 
existence of a fairly large production by private enterprises, against which the 
government would have wanted to retain a monopoly.! Curiously enough, 
some six hundred years later the attempt to deny sulphur and saltpetre to ‘for- 
eigners’ was made again; in a time of troubles with the Miao people in the South- 
west, it was memorialised that the constituents of gunpowder should be with- 
held from them. But the enlightened Khang-Hsi emperor would not agree, for 
he knew that they depended on gunpowder for their livelihood by hunting game, 
and such an embargo would only make matters worse.* 

Finally, Chang Yün-Ming (7) has brought forward evidence to show that the 
sulphur used in Chinese gunpowder in and after the t 11th century was mostly 
not native, but rather that produced by the roasting of iron pyrites (zu-jan thung’ 
or ‘fool’s gold")", converting the sulphide to the oxide. There is a well-known 
illustration of the process in Thien Kung Khai Wu (+1637)' showing how the ore 
was piled up with coal briquettes in an earthen furnace with a kind of still-head 
to send over the sulphur as vapour, after which it solidified and crystallised. 


* History repeated itself when in the +16th and + 17th centuries the Papacy made great efforts co prohibit 
ilie export of gunpowder and metals to the Turks from Christendom. This was blithely ignored by the English 
and the Dutch, as indeed algo by Venice and Genoa, more interested in trade than theology. CC Parry (1). 
pp. 225-6; Petrovič (1), p. 176. 

Сн. 186, p. ада, CE Fêng Chia-Shéng (1). p. 53. 
Mod: Shansi and Hopei. 

3 Smithsonite (zinc carbonate), for making brass; cf. Vol. 5, pt. 2, pp. 195 8 

* Hsi Tru Chik Thung Chien Chhang Phier*, Hsi-Ning reign-period, 8th year. 

* Tilién-Chia-Wu. {j} has given usan interesting study af the trade between the Sung and the Liao (Chhi- 
tan Tartars). In +1084 the export of sulphur and saltpetre to them was зо prbsperous that it had to be 
heavily taxed. In +9865. еу had bought and translated many medical books. The sale of horses was prohibited 
in +1942 because they were reaching the Hsi-Hsia people through the Liao; and in + 1058 all export ef copper 
and iron to the Uighurs was. stopped. But Taoists came and went freely, propagating a knowledge оѓ 
wrestling —ameng other things: 

© See Thing Hsin Ko Yer, p. зой, Ta Chiing Shéng Tsu Jen Huang Ti Shi Lu*, ch. 14. p. 5, ch. £06, p. 18. Tr. in 
Spence (15, p. 35. 

k Cf. Vol. 5; pt. 2; p. 1391 pl. 4, pp. 177, 198-9. 200. 

* Choi, рр: за, 5; ба, Ming ed. ch. 2. pp: Goa, 6, 61а, 0; Sun & Sun tr., pp. 208-10; Li Chhiao-Phing (2), 
pp. 296-7, зот. Judging from the descriprion, а Hellenistic type of sull-head was being used at this time, but 
that had not necessarily always been so. On the ódysseys of still-heads, see Vol. 5, pt 4. pp. тоз © 
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(8) FIRE-CRACKERS AND FIREWORKS 


In July +1719, John Bell of Antermony, a Scottish gentleman and a medical 
graduate of Glasgow?, set out for China from Moscow as physician to the embas- 
sy from His Most Czarish Majesty to the Court of Peking which His Excellency 
Тео Vassilovitch Ismailov was undertaking. The account which Bell after- 
wards wrote of his travels is one of the classics of the kind. It js relevant here 
because of certain conversations which took place during the residence of the 
embassy in Peking. Let us quote:^ 


ist January 1721, the [Khang-Hsi] Emperor's general of the artillery, together with 
Father Fridelly,? and a gentleman, called Stadlin,? an old German, and a watchmaker, 
dined at the ambassador's. He [the general] was, by birth, a Tartar; and, by his con- 
versation, it appeared he was by no means ignorant in his profession, particularly with 
respect to the various compositions of gun-powder used in artificial fire-works. I asked 
him, how long the Chinese had known the use of gun-powder? He replied, above two 
thousand years, in fire-works, according to their records; but that its application to the 
purposes of war, was only a late introduction. As the veracity and candour of this gentle- 
man were well known, there was no room to question the truth of what he advanced on 
this subject. 

The conversation then turned on printing. He said, he could not then ascertain, pre- 
cisely, the antiquity of this invention; but, was absolutely certain, it was much ancienter 
than that of gun-powder. It is to be observed, that the Chinese print with stamps, in the 
manner that cards are made in Europe. Indeed, the connection, between stamping and 
printing, is so close and obvious, that it is surprising that the ingenious Greeks and 
Romans, so famous for their medals, never discovered the art of printing.... 


Next day, the ambassador and his train had a private audience of the Emperor, 
which lasted more than two hours, Khang-Hsi talking very affably and familiar- 
ly on many subjects, especially history, chronology, and inventions.* 


The Emperor also confirmed most of the particulars, mentioned above, concerning 
printing and gun-powder. It is from the holy scriptures, most part of which have been 
ranslated by the missionaries, that the learned men, in China, have acquired any knowl- 
edge of the Western ancient history. But their own records, they say, contain accounts of 
transactions of much greater antiquity. 


Later, on the last day of January and the Chinese New Year on ist February, 
the members of the embassy witnessed magnificent imperial firework displays, 

* +169: to 1786. Ánterraony is near Campsie in Sürlingshire. 

" From vol. 2, p.43, mod. ed) pp. 153ff. 

< This was one of the Jesuits. Xavier Ehrenbert Friede (Fei Yin'}, an Austrian geographer and carto- 
grapher (+ 1673-41743). : 

* A Jesuit lay brother from Switzerland, Francois Louis Stadlin (+ 1658 to +1740}, maker anid repairer of 
all kinds of mechanical instruments especially clocks and orreries. His Chinese name was. Lin Chi-Ko? 

^ We quoted him on the ‘load-stone’ and the south-pointing carriage in Vol. 4, pt. 2, р. 288. 

! Thi was an écho of the + r8th-century chronological controversies to which we referred in Vol. 3, p. (73. 
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which were much admired by John Bell. T'hey far surpassed, he said, anything of 
the kind which he had seen before, even though he had been present at perform- 
ances exhibited by the best artists of Europe. 


The following day, the Emperor gave the ambassador a private audience, and inquired 
how he liked the diversions and fire-works. On this occasion, the Emperor repeated what 
had been already observed concerning the antiquity of illuminations composed of gun- 
powder; and added, that, although fire-works had been known in China for more than 
two thousand years, he himself had made many improvements upon them, and brought 
them to their present perfection.? 


These fragments of conversation in eighteenth-century Peking may give us a 
clue which is important here. They may indeed have been at the origin of that 
persistent and erroneous cliché in the Western world already mentioned (p. 14), 
which averred that gunpowder had been known in China for many centuries, 
but used only for recreational purposes, before it was employed in war.” And yet 
the Chinese scholars of Khang-Hsi's time were quite right in thinking that there 
had been fire-cracker explosions ever since the Han period, that is to say, eight 
centuries at least before the formulae of the Wu Ching Tsung Yao. The fact is that 
in China there were explosions long before there were gunpowder explosions. 

What that depended on was the ubiquitous bamboo. Air is contained between 
the septa of the stalk, and if it is thrown upon a fire, the segment will explode 
with a loud report. Even if longitudinal slices are put in a fire they will emit 
noisy cracks, but the explosion of the heated air between the nodes is what really 
makes а fire-cracker.* The packing of gunpowder into small containers,’ when it 
came in, was simply a way of imitating the scaring sounds originally emitted by 
burning bamboos. It must be remembered that in Chou and Warring States 
times, before the invention of paper, writing was done either on silk or on slips of 
bamboo. The characters were first written on green bamboo, for easy erasure, 
and then the bamboo was dried over a fire; this was the origin of the phrase sha 
chhing!, ‘killing the green’, applied to the making of documents. The phe- 
nomenon of the cracking of bamboo must therefore have been very familiar in 
ancient China. 

If the Shen I Ching? (Book of the Spiritual and the Strange) was really written 
by Tungfang Shuo? in the —2nd century, then it might really be the oldest 
reference to the use of decrepitating bamboo, but its more probable author was 
Wang Fou* about +290. Nevertheless, what it recounts is so archaic as folklore 

^ In vol. 2, p. 68, mod. ed., p. 165. 

> Even the percipient Bernal fell for this, (1), p. 237. 

* [n the spring of 1980 we enjoyed a correspondence with Prof. Alfred Kuhn of the Economics Department 
of the University of Cincinnati, who had quite independently noticed the effect when making a bonfire of 
bamboos in his garden. 

4 Such as those which came into the hands of Roger Bacon (p. 48 above). 


© Féng Su Thung I, quoted in Chhu Hsiieh Chi, ch. 28, and TPYL, ch. 606. The passage is reproduced in the 
Centre Franco-Chinois ed., which includes the lost fragments, pp. 88—9. 
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that it must be considered Han or even pre-Han. The earliest literary reference 
would then be in the Féng Su Thung I! (Meaning of Popular Traditions and 
Customs) written by Ying Shao’ of the Later Han in +175, but the passage, 
which says that ‘the cracking of bamboos is like the roar of wild animals’ is not 
in most editions now.* So we may turn to the Shen I Ching, and what it says is 
this: 


Deep in the mountains of the west there exist human-like creatures more than ro ft. tall. 
They go naked, and catch frogs and crabs to eat. They are not shy of men, and when 
they see them halt to pass the night, they betake themselves to their fires to roast their 
frogs and crabs. They also watch the moment when the men are absent so that they can 
steal their salt to eat with their food. They are called shan‘ of the mountains (shan shan?)3, 
because this is the sound that they cry out themselves. People cast lengths of bamboo on 
the fire, which explode and leap out of it (pao pho erh ски“), thereby scaring these sao? 
away altogether. If an attack is made on them, they cause their assailants to catch fevers. 
Although these beings have a human shape, they can take other forms by meta- 
morphosis (pien hua9), so they belong to the class of kuei and mei’. Nowadays their 
abodes occur everywhere in the mountains. 


The background here is that the Shen 1 Ching was cast in the style of the much 
older Shan Hai Ching*, purporting to describe the strange beings, animals, gods 
and goddesses, which a man might expect to encounter when venturing far into 
the wilds. In this case the shan sao? may have been either apes or neolithic tribal 
forest-dwelling peoples, most probably the latter, since animals would hardly 
want to cook their food. 

One can see how the custom of scaring away mountain-spirits soon became 
widespread, from Tsung Lin's? Ching Chhu Sui Shih Chi? (Annual Folk Customs 
of the States of Ching and Chhu),8 written in the Liang dynasty about +550. 
‘On New Year's Day [he says] ... at first cock-crow, as soon as people get up, 
bamboo crackers are let off with big bangs ( pao") in all the courtyards to fright- 
en away the mountain spirits and evil demons (shan sao o kuei')’.» He then quotes 
the passage from the Shen I Ching,' and adds: 


^ Cf. Wang Ling (1), p. 163. 

> P. за, tr. auct., adjuv. de Groot (2), vol. 5, p. 500. Li Shih-Chen quoted the passage, PTKM, ch. 51B, 
р. 394, using the name sao!9. 

* The word means ‘barking and biting’. 

4 Probably a misprint for Asiao!. 

* Pha is a term especially applied to bursting bamboo. 

f The word means ‘rank-smelling’. 

5 Р. та, tr. auct. Ching and Chhu correspond to the modern provinces of Hupei, Hunan and Chiangsi. 

^ TPYL has shan hsiao!Ó here. As will be seen, the orthography of these spectre-names was very fluctuating. 
It was discussed in the +9th-century No Kao Chi", p. 145. 

* Using shan ѕа0!8 for the spirits and pho pi!? for the explosions. 
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The Yuan Huang Ching calls these spirits shan sao kuei”. It is quite all right for the 
common people to make bamboos burst in the fire ( pao chu?) in the courtyards of their 
homes as a beacon-signal (liao*) for their families; but it is superfluous for rulers and 
officials (to carry out such) activities. 


There speaks the sceptical Confucian scholar-bureaucrat, but the practice is 
fully established by his words. Indeed, it became universal in China at different 
times of the year, but especially at its beginning." For example, Li Thien? (d. 
+ 1006)? tells us in his Kai Wên Lu® that each family would explode more than ten 
stems of bamboo on New Year's Eve. 

Moreover, the custom of exploding bamboos continued long after the intro- 
duction of gunpowder fire-crackers. At the end of the + 16th century, Féng Ying- 
Ching’, in his Yüeh Ling Kuang Г (Amplifications of the ‘Monthly Ordinances')? 
remarked that 


on the last night of the year bamboo is exploded in fires throughout the night until 
morning, in order to shake and arouse the Yang of the spring, and to remove and dissi- 
pate all evil influences (Лей li?). Men in our time make a sport of it, and waste their 
money in attempts to outvie each other therein, so that the fundamental meaning of the 
matter is nearly forgotten? 


And in Thang and later poetry there are many references.’ 

As we often note elsewhere (pp. 11, 22, 40), one great difficulty in pursuing 
the history of science and technology in China is that certain things changed 
fundamentally while the terminology for them remained the same. An obvious 
example is the use of the phrase kuo chien“ (fire-arrow) first for incendiary 
arrows, and then for rockets (p. 147). But in other cases there does arise a change 
of appellation, and it does seem to mark a definite break in the continuity, in fact 
the appearance of something novel. We have already had the example of shih yu” 
(rock oil, natural petroleum or naphtha) giving place to méng huo yu" (fierce fire 
oil), and it makes sense to assume that this new term meant only distilled pe- 
troleum or petrol, i.e. Greek Fire (p. 76). So with crackers; the term pao chu" 
(exploding bamboo) or sometimes pao kan" (exploding stem), is largely re- 
placed after a certain time by pao chang! {exploding cracker)*, and this coin- 


* We have been unable so far ғо identify this book, the “Original Yellow Canon’. 

ъ® Of: de Groot (2), vol: 6, pp. 941 Ё. 

* -Aceording to Werner (4), p. 128, Li Thien was deified in later times as che god of fire-crackers. 

3 The Yüeh Ling itself isa text of perhaps the = gth century; cf. Vol. 3, p. 195: 

*- Ch. 20, p. тда, tr: de Groot (2), vol. 6. p. 943, mod. auct: 

Eg. Ohhüan Thang Shih, pt. 10, 136 2, Lai ku shih, tsaa chhun.'? Many further quotations arc given in Wang 
Ling (1); p. 163. 

3 "The general meaning of chang is weapons of any kind, but in this binome it came to mean specifically 
gunpowder fire-crackers. Still; the choice of the word may have considerable significance ја relation to the 
general history of gunpowder. 
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cides exactly with what we know of the origin and diffusion of gunpowder in 
China, i.e. it appears in the literature of the 12th century, and probably came 
into use in the +110. Nevertheless, here again there was a tendency to use the 
old name loosely long after the new one had come in, so that when we meet with 
pao chu in Sung, Yuan, Ming or Chhing, it is likely, though not certain (since 
bamboos continued to explode), that gunpowder fire-crackers are meant. Of 
course, if the context is specified, it is easy to be sure.* Again, as we shall see 
(p. 133) pao chang and fireworks go together. The ancient name for these was yen 
huo! (smoke-fires), and this appellation assuredly goes back much earlier than 
gunpowder; yet after the application of the explosive mixture for ‘feux d'ar- 
tifices’ or true fireworks, the old name of ‘smoke fires’ still continued, indeed 
down to the end of the Chhing." Coloured smoke and flame undoubtedly long 
preceded gunpowder fireworks, and so did gunpowder fire-crackers by some 
time also. 

Positively the first appearance of the term fao chang seems to occur in that 
book which Méng Yuan-Lao? wrote about +1148 describing life in Khaiféng 
during the first two decades of the century, before the fall of the Northern Sung 
capital to the Chin Tartars; he called it Tung Ching Méng Hua Lu® (Dreams of the 
Glories of the Eastern Capital)’. Some time hard to fix between +1103 and 
+1120 the emperor visited the Pao-chin Lou’ pavilion to see a great entertain- 
ment given by the army, including fireworks of sorts. 'Suddenly a noise like 
thunder ( phi 178) was heard, the setting off of pao chang? ( fire-crackers), and then 
ihe fireworks (yen 4uo'?) began’.4 These seem to have consisted almost wholly of 
dancers dressed in strange costumes moving about through clouds of coloured 
smokes, each act being separated by the resounding noise of fire-crackers. Thus 
the first act was called ‘carrying the gong’ (pao do"), the second ‘obstinate de- 
vils’ (ying kuei”), the third ‘the dancing judge of the ghosts’ (wu phan"), and so 
оп. Gunpowder was certainly here for the fire-crackers, though not necessarily 
for the coloured smoke and flame.‘ 

Another +1ath-century reference comes in the Hsi Hu Chih Yu of Thien 
1-Hêng. Although this book was written about +1570 it was based on local 


* Other names for gunpowder fire-crackers were pien paa? (whip bangs), chuan bao? (inked hangs) and Aue 
раг ispark bangs). 

^ Then Аца phao'6 (spark cannons) came also to be used; and especially Aue si U 

^ Cf Balazs & Hervouet 511, pp. 150-2. 

5. Ch. 7 (p. 435 sr. auct. 

* We need not enumerate all eight, but in c 
had ‘damb pantomime’ and the eighth sword-juggling. 

^ Féng Ghia-Shéng (6), p. 74, fixes the period +1163 to +1180 as the first appearance of yen Auot, when 
during imperial inspections of the Sung navy by Hsiao Tsung, smoke balls of five colours (us sé yen phao!®} were 
shot off from trebuchets. This could have been but a further stage in their development. 








e first there was fire-vorniting by the actors, while the fourth 
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records of the West Lake at Hangchow, and may therefore be worthy of cre- 
dence here. It says: 


In the 12th year of the Shun-Hsi reign-period (+1185), on New Year's Eve, there were 
abundance of lanterns set out within the palace; and at the second watch of the night the 
emperor rode in a small carriage to Kuan-ao Shan! hill outside the Hsüan-té Mén? gate. 
As the night wore on, they let off more than a hundred fireworks (yen huo’) attached to 
frameworks, after which the emperor returned to his apartments.? 


Still another mention arises out of a famous court case when in +1183 the great 
philosopher Chu Hsi* impeached a provincial governor Thang Chung-Y v? for 
counterfeiting hui tzu$ paper money, and other alleged misdemeanours.^ Among 
the accusations was that since there was a man of Wuchow named Chou Ssu,’ 
who had a great reputation for making and managing fireworks, Thang Chung- 
Yu asked him to come to the city, and spent several thousand ounces of silver 
out of the public funds on the public performance of his displays.* 

In the 4 13th century the references to gunpowder fire-crackers and fireworks 
become more numerous. In +1275 Wu Tzu-Mu’ wrote his often-quoted book 
Méng Liang Lu" (Dreaming of the Capital while the Rice is, Cooking), a descrip- 
tion of Hangchow towards the end of the Southern Sung, from about +1240 
onwards.* 


On New Year's Eve [he says] people all bought tshang зри and small dates, and there 
were stalls selling fire-crackers ( pao chang?) and fireworks (yen huo?) on frameworks, and 
that sort of thing ...5 

Inside the palace the fire-crackers ( pao chu!) made a glorious noise, which could be 
heard in the streets outside. ... All the boats (on the lake) were letting off fireworks and 
fire-crackers, the rumbling and banging of which was really like thunder. Ashore people 
sat around braziers drinking wine and singing songs and beating drums. It was called 
‘Guarding the Year’ (Shou Sui^).^ 


Interestingly, we read elsewhere that at the naval exercises following the cere- 
mony of *watching the bore' on the Chhien-thang River, they practised firing off 
smoke balls (cf. p. 123) from trebuchets, and shooting hundreds of huo chien, 
now almost certainly rockets, and setting targets on fire (shao hui), probably 
with petrol flame-throwers/ 


a Quoted in Morohashi’s dictionary (Chinese ed., vol. 5, p. 1805), tr. auct. 
^ Hui-An hsien shéng Chu Wen Kung Wên Chi, ch. 18, pp. 17a E., ch. 19, pp. 1a F. 
This was first noted in Wang Ling (1), p. 165. 
Cf. Balazs & Hervouet (1), pp. 154-5. 
Roots of the composite Atractylis ovata (R 14), good for longevity; cf. Vol. 5, pt. 3, p. 11. 
Probably a misprint for the usual chang. 
Ch. 6, p. 66 (p. 181). ^ Ch. 6, p. 7b (p. 182). * Cf. Vol. 3, p. 483. 
i Ch. 4, p. 74 (p. 163). Parallel accounts of these naval displays, which included coloured signal smokes and 
smoke-screens, are in Wu Lin Chiu Shih, ch. 3, p. 11a (pp. 371-2) and ch. 7, р. 15a (p. 475). 
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The tale is continued in the Wu Lin Chiu Shih! and the Tu Chhéng Chi Shéng?. 
The former book (Customs and Institutions of the Old Capital) refers to events 
from about +1165 onwards, and was written by the eminent scholar Chou Мі? a 
century after that date.* He said: 


At the festival of the Year Remnant (Sui Chhu*) from the 24th of the 12th month (Hsiao 
chieh yeh?) to the goth (Ta chieh yeh) ... there were many fire-crackers ( pao chang’), some 
made in the shape of fruits or men or other things ... and between them there were fuses 
(yao hsien®)” so arranged that when you lit one it set off hundreds of others connected 
with it.... Pipes and drums were played too, to welcome the spring... .° 

Bamboo crackers (pao chu?) were also let off. 

At the New Year on the West Lake many people went back and forth on boats with 
flags and picnics and singing ... and fireworks ( yen huo!). Some of these were like wheels 
and revolving things, others like comets (liu hsing!'), and others again shooting along the 
surface of the water (shui pao"), or flying like kites—too many to mention....* Young 
people competed in kite-flying. .. 

Others let off fire-crackers on circular frames connected with long fuses, as an 
amusement... .! 


Chou Mi also mentions,* as a precious fragment from those times, the names of 
two citizens of Hangchow who were renowned for making and displaying fire- 
works (yen huo!)—these were Chhen Thai-Pao? and Hsia Tao-Tzu." The 
second book (The Wonder of the Capital) was written rather earlier, in +1235, 
by a Mr Chao”, and it lists the same entertainments among skills (chhiao'*) such 
as puppet-theatres and ball-play. There was the burning of fireworks (shao yen 
huo”), and letting off fire-crackers (fang pao chang'*), and performing fire-plays 
(huo hsi erh?), whatever these were at that time.” 

To these references we may add one or two from books very little known. 
Wang Chih”, probably in the Sung, wrote a Téng Wu Shih Phien? (Records of a 
Journey up to the Cities of Wu, i.e. Chiangsu), and he recorded that at Hu- 
chhiu Shan?, a hill resort near Suchow, there were at festival time masses of 
fire-crackers ( pao chang^*) that took four men to carry.' Again, in the Nung Chi”, а 


Cf. Balazs & Hervouet (1), p. 155. 
The commoner phrase is yin Asien!?. 

* Ch.3, pp. 135, 14a (p. 383), tr. auct. 

4 Ch. 3, p. 154 (p. 384). 

< It is rather difficult to disentangle here the names of games from those of the various kinds of fireworks. 
Ch. 3, p. 15 (p. 375). 

© Ch. 3, p. 32 (р. 376). 

® Ch. 6, p. 305 (р. 465). There were shops where one could buy fireworks (ch. 6, p. 17a, p. 453), and even 
one which specialised in gunpowder fuses alone (ch. 6, p. 155, p. 452). For a special display of fire-crackers in 
+1180 see ch. 7 p. 115 (p. 473). 

^ Tu Chhéng Chi Shéng, 87 (p. 97). 

i In KCCY, ch. 50, p. зоа. The book is not in any of the dynastic bibliographies. 
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book of agricultural prognostications, it is said that one can foretell the future by 
the sounds, pleasant or unpleasant, made by the fire-crackers.* 

As for the continuing use of the term pao chu? long after gunpowder had be- 
come general, it was probably a matter of literary elegance as opposed to com- 
mon speech, since the ancient term had been consecrated by centuries of schol- 
arly writing. Some made a clear distinction, for example, Shih Hsiu?, in his 
book on the neighbourhood of Shao-hsing in Chekiang, Chia-Thai Kuei-Chi Chih’, 
dating from soon after +1205, who says that on the last day of the year the 
sound of fire-crackers ( pao chu!) is everywhere heard, but that there are people 
who mix sulphur with other chemicals to cause even more violent explosions, 
and these are pao chang. Yet when in +1380 Chhü Yu wrote a poem on a picture 
of the immortal demon-quelling scholar Chung Khuei’, it included the lines: 


At the sound of a burst of fire-crackers ( pao chu’) 
People ran away in every direction... 


which rather suggests the explosions of gunpowder. And many other examples 
of the elegant euphemism could be given." 

By the -- 14th and -F 15th centuries, fireworks were in full swing, gunpowder 
being now generally available, but there are very few detailed descriptions of 
them. The best, perhaps, were wfitten in the close neighbourhood of + 1593. 
one in Shen Pang's? Yuan Shu Tsa Chi? (Records of the Seat of Government at 
Yuan(-phing), i.e. Peking), and the other in Féng Ying-Ching's'!! Yueh Ling 
Kuang Г? (Amplifications of the ‘Monthly Ordinances’). In the first of these 
we read: 


Fireworks (yen huo”) are made in many sorts. 

Those which give a loud noise are called ‘resounding bombs’ (Asiang fhao”). Those 
which go up very high are called ‘ascending fires’ (chhi huot), Those which give several 
explosions in mid-air when let off are called ‘three breaking waves’ (san chi Лапа‘). Those 
which don't. make much noise пог go up high, but rush round and round (Aswan jac?) 


twisting about on the ground, are called ‘earth rats’ (t lao shu' 9). Those Bireworks which 


? 


* KCCY, loc. cit. The book is novin the bibliography of Wang Yu-Hu (7). 

5 Also not in any of the dynastic bibliographies. 

© Кил Thien Shih Hua®, ch. 3, p. 74. 

4 Sofan Chhéng-Ta? (+3126 to +1193 in Shih Hu Shih СЗ, ch. 30, p. за, 5, ch. 23, pp. за, ga. The poems 
are collected in Feng Chia-Shébg (2), pp. 72-3. 

© ‘These were the two books which appeared. disguised as Chinese authors, under the names of Wan-Shu 
and Tüch-Ling respectively, in Brock (т), p. аз. What they said must have been well known because they are 
the only ewo sources mentioned by Y ang Fu-Chi!? in his postface of + 1753 to the Hue Hri Lüsh, on which see 
р. 139 below: 

f^ Cit; KCCY, ch. 50, p. зоа, б, tr. auct. Mayers (6). р. $2, was aware of ће passage, and gave an excerpt 
fomi it; but thinking it was of Thang date, put it seven centuries or so too early. 
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are packed loose or üght are of two kinds (releasing) many or few sparks ( flowers), 
plants, and shapes like men, are known as ‘flower children’ (hua erh’). Those which are 
enclosed in clay are called ‘sand stone-rollers’ (sha tuo er^). Those which are enclosed in 
(layers of) paper are called ‘spark (or flower) tubes’ (hua tAtung?). Those which are en- 
closed in baskets are called ‘spark (or flower) bowls! (hua phén*). 

All these are varieties of fireworks (yen huo^), and a hundred of them or more may be 
skilfully collected together on to one single framework. 


Here the first sort might well be what we should cal! maroons, and the second 
clearly rockets, but the fourth is the most interesting, as we shall see (p. 473). It 
appears again in the remarks of Féng Ying-Ching, who says: 


In Fukien there are fireworks called ‘Chhin (Shih) Huang (Tis hair-braid' (Chhin 
Juang pien?). From a single bomb {huo phac’) ) there burst forth ali sorts of sparks and 
flowers, ground rats (di lao shu), ‘water rats’ (shui shu®), etc. Hundreds of them are strung 
together (ch&uan?) inside one tube, and come out at the same time. One man holds (the 
fuse) and sets them all off, which is a very wonderful technique.* 


Still another type of firework is mentioned in a poem by Yang Hsün-Chi" (ff. 
+1465 to +1487), the li thung or ‘pear tube’; a kind of Roman candle (cf. 
p. 143) which, when lit, shot out sparks of different colours forming a radiating 
shape like the flowers of pear-trees. 

The reason why the 'earth-rat or 'ground-rat' has such importance is that it 
may well have been at the origin of rocket propulsion. We assume that it was a 
tube of bamboo filled with gunpowder, probably occluded by a hole in the node 
at one end, which was allowed to rush violently about on the floor or the ground. 

Ne have a certain record of it from +1264 on account of an incident which 
frightened an empress at an indoor firework display; and this may be relevant, 
as we shall see (p. 477 below), to the beginnings of rocketry both in peace and 
war. The incident is reported in the САМ Tung Yeh Yu". 


When Mu-Ling" (another name for Emperor Li Tsung") retired," he prepared a feast 


in the Chhing-yen Tien? Palace Hall on the 15th day of the first month of the year in 
honour of (his mother), the Empress-Mother Kung Shéng!*. A display oi fireworks {yen 
huo!) was given in the courtyard. One of these, of the ‘ground-rat’ (ti lao shu!) type, 
went straight to the steps of the throne of the Empress-Mother, and gave her quite a 
fright. She stood up in anger, gathered her skirts around her, and stopped the feast. Mu- 
Ling, being very worried, arrested the officials who had been responsible for making 
the arrangements for the occasion, and awaited orders from the Empress-Mother. At 
dawn next day he went to apologise to her, saying that the responsible officials had been 


* Cit. KCCY, ch. вор. зоб, tr. auct, These two sources-were the main reliance of Martin (a), pp. 24 E, but 
he also knew rhe events of +994. +1131 and +1292 (cf. pp. 148. 155, 171) 
>. Ch. 14, p. 18a, tr. aact. T R. +3299 tob 0264 
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careless, and took the blame upon himself. But the Empress-Mother laughed and said, 
‘That thing seemed to come specially to frighten me, but probably it was an uninten- 
tional mistake, and it can be forgiven.' So mother and son were reconciled and just as 
affectionate as before. 

Having now come this far, we can turn our attention to the debatable period 
of Liu Chhao, Sui and Thang, which preceded the development of gunpowder in 
the +roth and - 11th centuries. Ever since the Wu Yuan! (Origins of Things), 
written by Lo Chhi? in the 4 15th century, it has been customary to follow his 
asseveration that Sui Yang Ті (г. +605-+616) invented and used 'miscel- 
laneous gunpowder fireworks! (kuo yao tsa Asi*).* But he had got his history 
wrong, for there is no contemporary evidence to substantiate this. Poems which 
have been called upon do not provide it, though they indicate other things, quite 
interesting in themselves. For example, Sui Yang Ti himself wrote:? 


Wheel of the Law turns, up in the sky 
Indic sounds ascend to the heavens, 
Lamp-trees shine with a thousand lights 
Flower flames open on the seven branches; 
Moon image freezes in flowing water 
Spring wind holds the night-time plums, 
Banderoles move on yellow-gold ground 
Bells come out from beryl estrade. 


Monks chanting süfras, and girls dancing, appear at the beginning and end of the 
stanza, but in between is a clear reference to the ‘lamp-trees’ (huo shu‘) which 
were a custom of the age." Trees and their branches, whether real or of brass or 
bronze, were made to support thousands of ‘fairy lights’ (as we might say) on 
ceremonial occasions. Ennin found them in +839 when he visited Yangchow at 
festival time.* But this has nothing to do with fireworks. Nor has the reply poem 
written by one of Sui Yang Ti’s ministers, Chuko Ying“: 


Light flashes as the lamp rotates, 

Peach blossoms drop from falling branches, 

Wreathing smoke moves round the buildings 

And the lake of the immortals reflects the floating lights. 


Here the smoke may well have some relevance, but his first line probably re- 
ferred to the ‘pacing-horse lamp’ (tsou ma téng®), i.e. the zoetrope.! And the last 


* Ch. 14 (p. 30). 

ь CHSK, tsé 20, ch. 1, p. 55, tr. Schafer (13), p. 259. 

* Fang Hao (3). 

3 Reischauer (2), p. 71, (3), р. 128. We ourselves have experience of lamp-trees, since the custom continues 
in India and Sri Lanka till now. When I gave the first Wickramasinghe Lecture in Colombo in 1978, the 
opening ceremony conducted by the Mahanayake Thero in the chair, was the lighting of the brass lamp-tree. 

* CHSK, etc., loc. cit. tsé 20, ch. 3. 

f Cf. Vol. 4, pt. 1, рр. 1238., and Bodde (12), pp. 80-1. Cf. also J. F. Davis (1), vol. 2, p. 3. 
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line recalls the Chung-Yuan! festival, when little paper boats with lights in 
them used to be liberated on the Chinese All Souls’ Night in myriads.* In any 
case, fireworks were not in evidence at the court of Sui Yang Ti. 

Lamp-trees, of course, continued on into the Sung and later. They were prob- 
ably referred to in a poem by Chang Tzu-Yeh? of the mid +11th century, when, 
speaking of the Téng-Chieh? festival in the first month, he says:> ‘Above and 
below the towers and terraces the fiery lights are like stars. As one leans on the 
parapet, the sparks seem to be flying high up in the heavens near the constella- 
tions of Tou and Niu.’ But other mentions of sparks do suggest that the practice 
of using fine iron filings in combustibles to give silver spangles in the smokes 
may go back to the Thang at least. There is for instance a famous poem by Su 
Wei-Tao* (+648 to +705) which talks of yin hua?, silver sparks, among the illum- 
inations and the smokes.‘ A thousand years later, Fang I-Chih$, in his Wu Li 
Hsiao Shih’ encyclopaedia,‘ noticed this, and concluded, in his slightly muddle- 
headed way, that the trees of fire, the silver sparkles and the pao crackers all 
indicated gunpowder in Sui and Thang. But they did not. 

What Sui Yang Ti undoubtedly had at his celebrations were huge bonfires 
(huo shan) on which inordinate quantities of incense were burnt. We get a 
glimpse of this from a conversation between Thang Thai Tsung and his 
consorts about +630, reported in the Thai-Phing Kuang Chi under the heading of 
‘extravagant displays’ (shih chhih?).* Apparently the emperor enquired about the 
illuminations of the halls and courtyards at the court of Sui Yang Ti, with the 
implication that he could probably do better. The empress then described the 
bonfires which he had had all over the palace, burning hundreds of cartloads of 
garroo or aloes-wood! and 200 tan of onycha perfume.’ Night was turned into 
day, and the aroma (yen chhi™) could be smelt for several dozen li. Such extrava- 
gance helped to lose the empire for him. So Thang Thai Tsung desisted. But 
again this had nothing to do with fireworks properly so called. 

Entering now into their pre-history, we can easily find that the ploy of smokes, 
together with the actual expression yen Auo!!, goes much further back. There is a 
passage in the Ching Chhu Sui Shih Chi, already quoted in connection with fire- 
crackers, which shows this well. It says: 


а The fifteenth of the seventh month. Cf. Bodde (12), p. 62; Eberhard (31), p. 107; Bredon & Mitrophanov 
(1), p. 385 and Weig (1), p. 18. 
b Chang Tzu-Yeh Tzhu Pu I, ch. 1, p. 15a, tr. auct. 
* Chhüan Thang Shih, pt. 2, tsé 2. Wang Ling (1), p. 164 drew attention to this. 
d Ch. 8, p. 26a, b. * Ch. 236, pp. 84, 9а. 
© See Vol. 5, pt. 2, p. 141. 
* Of molluscan origin, Vol. 5, pt. 2, pp. 138-9. 
h P, vd, tr. auct. 
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According to Tung Hsün! of the Wei (in the Three Kingdoms period) people nowadays 
make smoke-fires (yen huo) on Chéng-La? morning (the 8th day of the 12th month) and 
set up figurines of peach-wood (thao shen®}? in front of the doors of their houses. They also 
plait rush garlands to hang between the pines and cypresses, and sacrifice a chicken and 
hang it on the door—all a ceremony to exorcise and get rid of the demons of epidemic 
disease. 


Here then the smoke-fires have become fumigatory and demonifuge. Tung Hsün 
was a folklorist of the +3rd century, while the text itself, as we saw before, is of 
с. T 550. 

In each of the preceding centuries something relevant and interesting occurs. 
For instance, according to the dynastic histories," in the year +493, a popular 
song circulated in Northern Wei to the effect that ‘Red fire is spreading south, 
destroying the southern States'; and sure enough, in the same year there arrived 
a monk (sAa-mén^) at Nanking who dispensed this fire. Its colour was redder than 
ordinary fire and also more ethereal (sé chhih yü chhang huo erh weit). The monk 
performed cures of diseased persons with this ‘holy fire’, and the emperor of 
Southern Chhi tried to forbid it, but eventually the monk went away and the cult 
died out. Could he, one wonders, have come upon some natural ore of strontium 
and used it for his exhibitions of coloured flame and smoke? 

Again, in the +4th century, there is a story? about an upright man of Kuei-chi 
named Hsia Thung’. His stepfather, Hsia Ching-Ning?, engaged two sorceresses 
{тй wu’), Chang Tan" and Chhen Chu", to sacrifice to the ancestors; they 
chanted and danced, performing all kinds of tricks such as juggling and sword- 
swallowing, finally ‘they spat fire, and were hidden from view by a great cloud, 
whence streams of light flashed like lightning’. Hsia Thung had strong Confu- 
cian objections to all this, and managed to stop the performance. But evidently it 
included smoke and flame, so it was yet another step on the road to fireworks. 
Beyond this, perhaps, we need not pursue the matter, since we would enter the 
whole field of лй, hygienic fumigations, liturgical incense-burning, and war- 
smokes containing poisons, which went back far into the — 1st millennium.‘ It is 
time to return to the end of the + опа, with а few words on fireworks in their full 
development. 

So let us take a brief look at fireworks in the eighteenth and nineteenth centu- 
riés; perhaps it will help us to interpret the long line of intermediate stages which 
led to them. And first, with respect to gunpowder fire-crackers, a preparation in 


^ The remaining. fragments of his Wên Li Su*, preserved in TPYL, ch. 29, are collected in 3 YHSF, ch. 28, 
pp. 7221. 

® Cf Bodde (23), pp. 127 ff. 

© Nan Shik, ch. 4, n. 262, 2 изде Groat (2 ). vol. 6, p. 951: also Nan Chki Shu, ch. 19. p. 156. 

9 Chin Shu; ch. 94, p. за, tr. de Groot (2); vol. 6, p. 1212. 

5 See Vol. 5 5. pt- 2, pp. 1284£ esp. pp. (488; Needham & Lu Gwei- Dien (1). pp. 436-7. Ch pp. 1f. above. 
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which the Chinese have remained pre-eminent to this day, there are vivid 
accounts of the process by Barbotin (1), Dyer Ball? Weingart^ and Tenney 
Davis.* The powder used is rather low in nitrate, with a percentage composition 
something like: N 66-6, S 16-6, C 16-8.4 It is filled in to little tubes of stout paper 
tied together into hexagonal figurate bundles, with thin paper tubes containing 
gunpowder as the fuse for each one successively. It is interesting to learn from 
Huang Shang (ғ) that old book paper was considered the best for making fire- 
crackers, even during the present century, a circumstance which helps to 
account for the vast losses of old books sold away not for pulping but for the 
firework manufacturers. 

There are many descriptions of fireworks in China (Fig. 11), from Louis 
Lecomte in +1696 to Dyer Ball in 1892. through John Bell (+1720), Pierre 
d'Incarville (+1763), John Barrow (+1794), A. Caillot (1818), J. F. Davis 
(1836) and the Abbé Huc (1855).* They all descant on the flares, gerbs, lances, 
drums, rockets, Roman candles, saxons, mines, maroons, Chinese fire and 
Chinese flyers, with many other works too tedious (as John Bell would have 
said) to rehearse.' Down to the middle of the nineteenth century, Chinese fire- 
works were generally considered much superior to those of Еџгоре,* but one can 
see C. Е, Ruggieri changing his mind on this between his two editions of 1801 
and 1821." If such a turning-point ever arrived at all, it would have been rather 
towards the beginning of the present century. But it is more interesting to turn to 
the consideration of the book which seems to be the only monument of civilian 
pyrotechny in all Chinese literature. 

The Huo Hsi Lüeh! (Treatise on Fireworks) was written in his youth by Chao 
Hsüch-Min', that scholar of scientific bent who was later to produce the Pén 
Tshao Kang Mu Shih P (Supplementary Amplifications for the ‘Pandects of Natu- 
ral History’ by Li Shih-Chen). This was begun in +1760, first prefaced in 
+4765, the prolegomena added in +1780, but not printed till 1871; the last date 
in the text being 1803. By contrast, Yang Fu-Chi* wrote the preface for the Huo 
Hsi Lüeh as early as +1753, so Chao must have been studying fireworks some 
time before. The work was not printed till 1833.! It shows that the state of the 

* (15 pp. 239 f. > (1), pp. 166 f. © (O3). pp. iri ff. 

? In recent times the chlorates of aluminium and potassium have been used, but this was a dangerous 
procedure. Chlorates were discovered by Berthollet in + 1786; and much used for fireworks ag by Cutbush in 
the eighteen twenties, but have since becn replaced by perchlorates, which are much safer; cf Davis (17h 
р. 59 G8). 

* i cannot refrain from mentioning the splendour of the displays which 1 myself have witnessed in Peking 
from Thien-an Mén on several Mays and Octobers since the Second World War. 

`. The descriptions of Tissandier (7) are particularly interesting as he had had a scientific training. 

5. {а +1751 one of the displays in London was a ‘Collection-of Fire Worksin the Chinese manner, sub: 
scribed for by ‘some Gentlemen curious of seeing the New Fire Works’ (Brock (1) p. 52 З ; 
There seems to be no really good hook on the history of fireworks. but Lotz (1) may be mentioned аз well as 

Brock (1.9). 
^ Gf. Brack (1), pp. 22-3. 
`- Thereis an excellent analysis of it by Tenney Davis &-Chao Yüa-T shung io), 
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Fig. 11. Scene of a fireworks display, from ch. 42 of the Ming novel Chin Phing Mei (edition of + 1628-43). 
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art was really more advanced than that of Europe at the time, and refers to а 
number of things not then known in the West, notably ‘Chinese Fire’ (to which 
we shall return in a moment), piped match fuses, conical containers for foun- 
tains forming chokes, coated grains of composition, etc. Chao gives a description 
of purifying saltpetre, which includes clearing by glue and turnip slices (cf. 
p. 105 above), and the making and drying of charcoal, which he calls the Yin 
soul (pho!) of fire.^ He recalls the medieval alchemical experiments by his 
remark that ‘by being mixed with the fat of soap-bean pods the gunpowder 
acquires slowness’ (cf. p. 115 above). 'Ground-rats' are mentioned,'and ‘water- 
rats’ (00. | 

The point about Chinese Fire is that it was nothing but filings of cast iron or 
steel reduced to a powder more or less fine, and this, when mixed with low- 
nitrate gunpowder and other combustibles, would upon firing yield flame and 
smoke containing an infinite number of silver sparkles. A favourite Chinese 
name was thieh & (iron moths), another thieh sha? (iron sand), a third thieh hsieh* 
(iron granules). Wrought iron will not do, so some carbon must be present.* 
*Cast-iron', said Cutbush,' ‘reduced to a powder more or less fine, is called iron- 
sand, because it answers to the name given to it by the Chinese. They use old 
iron pots, which they pulverise till the grains are no larger than a radish seed, 
and these they separate into sizes or numbers for particular purposes.’ We have 
already seen that this procedure may go back to the Thang (p. 137). The simple 
secret was not revealed to Europe until d'Incarville (1) wrote his paper about it 
in +1763,8 but though he mentioned rusting he did not clearly say that the 
iron-sand grains must be coated with tung oil or glue to prevent it." The so- 
called ‘brilliant fire’ depended on powdered steel, but after 1860 the introduc- 
tion of magnesium and aluminium led to enormously increased brilliancy.’ 

So much for Chinese Fire, but what about ‘Chinese Flyers’? As Robert Jones 
well knew in +1765, the saxon or tourbillon depended on jet propulsion; it was a 
single tube pivoted half-way along its length, and made to revolve in the plane of 


а Cf. Vol. 5, pt. 2, pp. 85 ^ Davis & Chao (9), p. 101. 

© See рр. 135 ff. above and pp. 473 ff. below. Davis & Chao (9), p. 103. 

4 Davis & Chao (9), pp. 103-4. J. F. Davis (т), vol. 2, рр. 4—5, spoke of the little boats or water-rats which 
the Chinese made to skim on the surface of water by rocket jet propulsion. We shall return more compendious- 
ly to the important subject of rockets below (pp. 477 Ё.), but here it may be mentioned that just in Chao 
Hsüeh-Min's time Chinese pyrotechnics were attracting some attention in Russia. In +1756 Larion Rossochin 
wrote a paper on Chinese fireworks, mostly rockets, which has been found and reproduced recently by Starikov 
(1). 
* Cutbush (2). 

© (1), p. 202. He also wrote a special paper on the technique (2). 

5 True, John Bate (1) in +1635 had used ‘yron scales’, no doubt in an attempt to reproduce the sparks 
which flew from blacksmiths' anvils, but this could have had no great success. Anon. (159) is an abstract of 
d'Incarville in English. 

^. See Brock (1), pp. 23, 152, 154, 189, 231, (2), р. 98; Tenney Davis (17), p. 57. D’Incarville explained that 
different grain-sizes would give the different effects of flowers desired. For the finest, a ‘gunpowder’ of 86.6 % 
nitrate was used, for the coarsest only 60.6 %. Cf. Fig. 12. 

i Brock (1), pp. 154, 163. 
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Fig. i2. A representation of Chinese fireworks from an account by the Jesuit d'Incarville {iyan - 1763. The 
plate is from the English abstract of the following year 
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its axis by jets of fire projected through holes pointing in opposite directions at 
right angles to the axis. Furthermore, when revolving fast enough it could be 
projected into the air by two additional holes bored in the under surface of the 
tube.* That this should have been developed in China is quite interesting, for it 
was a principle parallel to the helicopter top which was so prominent there; the 
direct ancestor of the helicopter rotor, and the godfather of the aeroplane pro- 
peller. The energy of this was derived from rotation given by a cord previously 
wound round the stem, or from the pull of a bowdrill spring which travelled with 
it; in the Chinese flyer the energy was also self-contained, chemically provided 
by the gunpowder filling, but it lasted a little longer. Moreover, this was no more 
than a rotary application of those ‘water-rats’ of which J. F. Davis wrote in 1836 
that ‘they also make paper figures of boats to float and move upon the water by 

eans of a stream of fire issuing from the stern’. And these in turn were simply 
derivatives of the rocket principle, which in its origins and warlike uses we shall 
study in detail presently (pp. 477 Ё). In another way, of course, the Chinese flyer 
was a development of the steam aeclipile of Heron of Alexandria (though people 
in China could not have known about that),? a development most appropriate to 
the land of gunpowder; but besides it was in a sense the ancestor of the vertical 
take-off aircraft of the present day. 

It is instructive to make some comparisons between the devices used in civi- 
lian pyrotechnics and those used in war. In the early stages of gunpowder 
weapons, as we shall see (p. 163) quantities of the mixture were probably en- 
closed in carton containers for use as bombs, and this persists down to the pre- 
sent day in maroons--cubical pasteboard boxes filled with gunpowder and ex- 
ploded like extremely large crackers.* The fire-lance has left many descendants. 
*Fire-clubbs', cylinders of low-nitrate composition shooting forth flame, even 
though the range was very short, were prominent in the European seventeenth 
century, and known to John Bate (+1695). At the same date, John Babington 
spoke of ‘a. trunek of fire which shall cast forth divers fire-balls', so co-viative 
projectiles were known then too (cf. p. 42).* Even the word lance passed into 
civilian pyrotechny, though only for tubes of very small size filled with ammo- 
nium picrate or coloured fire compositions." The larger cylinders came to be 
called ‘Roman Candles’, familiar to all, formerly ‘star pumps’ or ‘pumps with 
starrs'; these add dextrin to the mixture, which is very low in nitrate, having a 
percentage composition about N 53-9, 8 11:2, Сз. The candles may be up to 


* СЕ Brock (1), p. 187, (2), p. 116. 

© See Vol. 4: pt. 2, pp. 580 ff. 

* These had also been mentioned by d'Incarville í 

* Cf. Vol. 4, pt. 2, pp. 226, 407, 576. For thé Ба 
p. 72; Usher (1), end ed., p. 392; and Drachmann (2). 

* Tennev Davis (17), p. 104. 

© Davis 617), p.54 Brock (0), opp. p. гу. and pp. 32, 247, (2). pp uii 

= Brock (2), p. 112. This goes back to Biringuecio in +1540, if no further, 

^ Davis (17); p. 69; Brock (1), рр. 196, 226. 

* Davis (17), р. 79; Brock (0). pp. i91 f. 
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6 in. in diameter, and since they throw out individual pellets of combustible 
material, the co-viative principle is present, while as for size they may be com- 
pared with the eruptors (p. 263) rather than with hand-held fire-lances. Brock 
makes a weak attempt to derive the name, not found in England before +1769, 
from the Mardi Gras carnival of that time in Rome,* but we suspect it is much 
more likely that the place was really al-Rum, i.e. Byzantium, and goes back 
almost to the time of Marcus Graecus and Hasan al-Rammah, Mines or carton 
mortars” also clearly derive from the eruptor conception. As for rockets, the 
identity is complete, save that they are not armed, producing coloured stars 
instead and aimed at the zenith.* 

When we review the whole history and prehistory of fireworks in China, it 
seems clear that the imparting of colours to smokes and flames is the backbone 
of the question. ‘The diversity of colours indeed’, wrote Barrow about +1797, 
*with which the Chinese have the secret of cloathing fire seems one of the chief 
merits of their pyrotechny.' Everyone noticed the same thing, Caillot, for exam- 
ple, in 1818: ‘It is certain that the variety of colours which the Chinese have the 
secret of giving to flame is the greatest mystery of their fireworks.'* And so also 
Cutbush: ‘The Chinese have long been in possession of a method of rendering 
fire brilliant, and variegated in its colours.’ But then comes the important point, 
not generally realised, that the gunpowder formula is by no means necessary for 
coloured smoke and fire. It was not incumbent upon the Chinese, therefore, to 
wait for the +1oth century before producing some of these remarkable effects. 

In pursuing these we can go back to the +14th century because the Huo Lung 
Ching contains recipes for military signal smokes of five colours,* and these are 
repeated word for word in the Wu Pei Chih.” Four of them include low-nitrate 
gunpowder,' but one does not. We can tabulate them as follows: 


Blue-green indigo (chhing tai} + gunpowder. 
) 


White white lead (carbonate)* + gunpowder. 

Red red lead aes + saltpetre, pitch and resin. 
Purple cinnabar (tzu f£n?)! + gunpowder and hemp oil. 
Black lignite and soap-beans + gunpowder. 


? (1), p. 193. ^ Davis (17), p. 97- 

© Davis (17), pp. 731; Brock (1), pp. 181 ff. Another connection with China is that the stationary jet or 
fountain of fire, the gerbe or wheatsheaf, was originally often called a ‘Chinese Tree’, especially when incorpor- 
ating steel filings (loc. cit. p. 189). Cf. Brock (2), pp. 97-8. 

3 (1), p. 206. * (1), p. 100. г (1), p. 371. 

8 Pt. 1, ch. т, p. 144, Ё. 

^ Ch. 120, pp. 52, 6a, tr. Davis & Ware (1), p. 527. 

i The proportions of saltpetre vary from 47.6 % to 71-4 %, with an average of 66%. 

i Also mentioned by d'Incarville (1), but somewhat doubtfully. 

* Mentioned by d'Incarville as one of the chemicals used with the iron-sand for making silver stars or 
sparkles (flowers), but by his time camphor was also added. 

! Again mentioned by d'Incarville as used with the iron-sand. 
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Most of these, which would have depended on the formation of some kind of 
aerosol of the suspended particles, would have coloured the smoke but not the 
flame. This kind of thing could be done with any combustible; for example the 
Wu Pei Huo Lung Ching has two formulae for firework-like signals, the san chang 
chii' (thirty-foot chrysanthemum) and the pai chang lien? (hundred-foot lotus) 
which combine sulphur, charcoal powder and iron filings, with no saltpetre at 
all.* This would produce the silver sparkles in the smoke.” 

When we come to the time of the Huo Hsi Lüeh (+1753) we find a variety of 
colorations by chemical substances, and now they tint the flame as well as the 
smoke.* For example, in all cases using low-nitrate gunpowder, the flame itself 
would be coloured: 


Yellow arsenical sulphides. 

Violet cotton fibres. 

Green verdigris (copper acetate),4 and indigo. 
Lilac-white lead carbonate. 

White calomel (mercurous chloride). 


Black smoke pine soot and pitch. 


The earliest use of a salt like copper acetate in Europe seems not to antedate 
Ruggieri in 1801," but in later times powerful effects such as the red of strontium 
and the green of barium were introducted. Chao Hsüeh-Min, however, also 
mentions compositions not involving gunpowder at all. Sulphur alone gives a 
blue light, and with copper sulphate it is a more intense blue? saltpetre alone ог 
with miscellaneous combustibles yields a violet light," and sodium nitrate a yel- 
low one. It is noteworthy that the intense blue-white light of the ‘Bengal Fire’, so 
well known in England a century ago, was produced only by saltpetre and sul- 
phur with antimony sulphide.’ Antimony, it seems, was first used in European 
pyrotechnics by Jean Appier in +1630, but since China has the largest anti- 
mony deposits in the world, it would be strange if no alchemist in those parts 
used one of its ores in fireworks at some time or other.* 

From what has now been said one can see how closely related were recreation- 

a Ch. 2, pp. 304, 31a. 

5 We speak here only of signal-smokes, but it is evident from the Wu Ching Tsung Yao that the Chinese were 
very familiar with the principle of smoke-screens in the +11th century. Yet apparently they were considered a 
military novelty in England in +1760 (Brock (1), p. 240). 

< Davis & Chao Yün-Tshung (9), pp. 101-2, 106-7. 

3 Copper filings can also be used (Cutbush, 2). 

Brock (1), p. 23. 
Brock (т), рр. 198-9; Davis (17), pp. 64, 67; Cutbush (2). 
So do zinc filings, according to Cutbush (2). Since the Chinese were in possession of isolated metallic zinc 
from about +900 onwards, it would be strange if this was not tried too. See Vol. 5, pt. 2, р. 214. 
^ No doubt the potassium flame that Thao Hung-Ching saw so long ago. 
| Davis (17), p. 64; Brock (1), p. 196; Cutbush (2). 
J Davis (17), p. 55. 

* Such as stibnite (antimony sulphide). See the discussion in Vol. 5, pt. 2, pp. 189ff. on what metallic and 

other elements were available to the Chinese alchemists of the Middle Ages. 
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al pyrotechnic coloured smokes and military signal smokes. To say much here 
about these latter would be to encroach too much on another sub-section in this 
volume, but it may just be worth while mentioning a fascinating passage on 
army beacon towers in the Thung Tien! (Comprehensive Institutes) of +812.* 
The groups of five beacon-towers all along the Han limes in the North-west are 
very familiar to those who have travelled along the Old Silk Road (cf. pt. 87). 5 
Tu Үш, however, recommends groups of three. Each beacon-tower ( féng thai?) 
is provided with three raised fire-baskets (chhai lung*), each of which сап be lit 
from below the battlements by a kind of incendiary fuse (йи huo shéng*)* running 
up a tube (huo thung9)*. If all is clear, one smoke-fire is lit, if danger seems nigh, 
then two, and if enemy troops are in sight, all three are to give their signal. The 
tower is provided with a flag and a drum, it has a fire-drill and moxa tinder, it is 
defended by a guard of six men with arrows and. fire-arrows, crossbows and 
trebuchets, and they have adequate stores of food. Here was yet another demon- 
stration of the characteristically Chinese skill in smoke-making. 

Looking back over the whole subject, our conclusions must be that civilian 
pyrotechnics in the modern sense arose along with gunpowder and its warlike 
uses between about +850 and + roso. But the colouring of smokes and flames 
by combining various chemicals with combustible substances, including sulphur 
and saltpetre, must have started a good while earlier, possibly in the Han or 
soon afterwards; and it would have derived from very ancient customs and pro- 
cesses of fumigation as such. The transition in Wu Tai and Sung times would 
thus have paralleled that which took place with regard to explosion itself, as the 
ancient decrepitating bamboos gave place to fire-crackers containing gunpow- 
der. We may end, аз we began, with the doings of the Scotsman in Peking. When 
John Bell in +1720 went with other gentlemen of the Russia-embassy to dine at 
the palace of the Khang-Hsi emperor's ninth son, they were magnificently enter- 
tained with stage-plays ‘accompanied with musick, dancing, and a kind of com- 
edy, which lasted most part of the day', though they could not understand any of 
the dialogue. Towards the end, a fight between heroes was interrupted by a 
spirit, who ‘descended from the clouds, in a flash of lightning, with a monstrous 
sword in his hand, and soon parted the combatants, by driving them all off the 
stage; which done, he ascended in the same manner as he came down, in a cloud 
of fire and smoke: 5 Nothing could have been more in the Chinese tradition. 

* The passage is alinost verbally identical with one in ТРУС, ch. 5 (ch. 461, p. 24, b,which would be seme 
Rity years earlier. There are other examples of the same dependence. 

* Qf Vol. i, Fig. 15 and Vol. + PL 5. pp. 35, 37. 

СВ. 152 (pp. Bora, Bor 3) 
© Nothing to do with gunpowder, at this time of course. 

* «This term is ioteresting, because later on the expression applied solely to metal-barrel guns and: hand- 
guns (cf pp: 304. 396): 

© is interesting that Brock (1). p. 236. the technician, joined with Féng Chia-Shéng (6). p. i2, the 
historian, in the conviction that no fireworks, properly зо called, existed іп the Sui and Thang. 

Ee Bell т) po ray à 

ERA RE EI: EI кй 

кщ 





30. THE GUNPOWDER EPIC 14 


- 


(9) GuNPOWDER AS INCENDIARY 


To suppose that gunpowder produced brisant explosions as soon as it was 
known would be a rather simple-minded mistake. In the days when low-nitrate 
compositions predominated it found employment mainly as an incendiary, set- 
ting on fire the enemy's wooden buildings, tents and other equipment. Perhaps 
therefore we should keep in mind the following five stages of gunpowder 
weapons: 


(1) gunpowder as incendiary (projectiles launched from bows, crossbows, tre- 
buchets and arcuballistae); 

(2) gunpowder as flame-thrower (fire-lances and their variants); 

(3) gunpowder as explosive (maroons or bombs launched from trebuchets or 
arcuballistae); 

(4) gunpowder as retroactive propellant (rockets); 

(5) gunpowder as forward propellant (barrel guns, cannon). 


Here then we shall concentrate for a while on incendiary projectiles. 

Earlier on (p. 130) we drew attention to the ambiguity of the expression ‘fire- 
arrow’ (huo chien'). The rough and relatively unlettered soldiers of Chinese anti- 
quity and the Middle Ages made no terminological distinctions between the 
different types, and the scholars, lacking familiarity with the things themselves, 
made little distinction either. But we can see at least the following three types: 
(a) the early incendiary arrows using oil and sulphur and miscellaneous com- 
bustibles (kuo chien’); (b) incendiary arrows using gunpowder (sometimes called 
huo yao chien*, but often this was not specified); (c) rockets, generally with arrow 
warheads (again huo chien’). Now as we follow through the sequence of events we 
find that towards the end of the + 10th century a change occurred in these tech- 
niques, and we suggest that this was the time when the first stage gave place to 
the second. 

Something has already been said about fire-arrows in connection with in- 
cendiary warfare in general (p. 124). One of the earliest references must be that 
in the Wei ле by Yü Huan, which describes the attack on Chhen-tshang by 
the troops of Shu under Chuko Liang.’ They used battering-rams and storming 
ladders, but the defenders, led by Hao Chao‘, shot йно chien’ and burnt them all 
together with the soldiers on them.’ This took place early in +229, a date at 
which there could have been no question of gunpowder. Then there is an 
account of a naval battle c. +425 between Tu Hui- Tu? and Lu Hsiin’, in which 
ihe latter’s ships all went up in flames because of the fue chien? launched by the 
sailors of the Liu Sung admiral.* Another instance, some hundred years later, in 
+535, recounts how the soldiers of Wang Ssu-Chéng” shot Auo chien’ and burnt 
all the siege engines of the attacking army.” The Thai Pai Yin Ching of +759 has 


* Sung Shu, ch. 92, p. 54. ^. Pei Shih, ch. 62, p. ya 
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many references to huo chien from which we learn that oil was enclosed in a 
gourd (yu phiao') and sent over attached to an arrow, presumably with some 
kind of fuse; this was useful for shooting upwards to attack watch-towers, or 
downward to burn siege equipment.? Similar projectiles (huo shih?) could be shot 
from crossbows (ли?) with a range of Зоо paces.” And very similar arrangements 
are discussed in the Wei Kung Ping Fa* (Military Treatise of Li Wei-Kung), a 
+7th-century work by Li Ching?, the fragments of which were recovered and 
published by Wang Tsung-I° a couple of centuries ago." 

On an earlier page (p. 85) we noted what Hsü Tung’ had to say about 
‘flying fire’ (fei huo*). Writing just about +1000, he remarked that it was of the 
nature of trebuchet ‘bombs’, probably incendiary, and incendiary arrows (huo 
chien)’. And it is exactly in his time that we enter a new phase of incendiary 
projectiles, marked by a wave of new inventions demonstrated to the emperor 
and his commanding generals. These, we suggest, involved the use of gunpow- 
der as incendiary. 

Almost as soon as the Sung dynasty had begun, in +969, Yo I-Fang" pre- 
sented a new type of fire-arrow to the emperor, and was rewarded by a gift of 
silk.* In +970 one of the generals, Féng Chi-Shéng!!, together with some other 
officers, presented another new model for fire-arrows; the emperor ordered it to 
be tested, and as it proved successful, gowns and silk were bestowed upon the 
inventors.’ In +976 the King of Wu-Yiieh State sent as a present to the Sung 
emperor a band of soldiers especially skilled in the shooting of incendiary 
arrows. Before the century was out there arose several opportunities of using the 
new devices in combat; for example, in +975 Thai Tsu employed fire-arrows 
and also incendiary bombs hurled from trebuchets against the last defenders of 
the Nan Thang State." Then in +994 a force of 100,000 Liao troops besieged the 
city of Tzu-thung, and the population was greatly alarmed, but the officer in 
command, Chang Yung", ordered the trebuchets to play upon the enemy with 
stones while the new fire-arrows were shot off, whereupon the investing force 
retreated.' 

^ TPYC, ch. 4 (ch. 35), p. 2b- > TPYC, ch. 4 (ch. 38), p. 85. 

© This must be а different work from the Li Wei Kung Wên Тий, which has been translated by Boodberg (5). 
It became one of the seven Sung military classics, though probably dating from the beginning of that dynasty, 
and we have not found anything in it about incendiary arrows. 

а Ни Chhien Ching, ch. 6 (ch. 53), p. 45. Cf. Féng Chia-Shéng (г), р. 46, (6), p. 73. 

© Wu Li Hsiao Shih, ch. 8, p. 26a; Thung Ya, ch. 35, p. 45. Fang I-Chih's source is not clear; possibly Yo was 
one of the associates of Gen. Féng. 

T Sung Shih, ch. 197, p. 15. 

= Ibid. ch. 3, p. 115. 

^ See Féng Chia-Shéng (7), p. 47, (6), p. 16. The evidence is later, from the Chhao Yeh Chhien Yen!? (Narra- 
tives of Court and Country), as quoted in San Chhao Pei Méng Hui Pien;* but we have mentioned already 
(p. 89) the probable presence of gunpowder weapons at the battles which extinguished Nan Thang. Hsü 
Méng-Hsin's!5 quotation is in ch. 97, p. 5b- 

i Sung Shih, ch. 307, p. 35. 
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At the beginning of the next century the inventors were again busy. In the 3rd 
year of the Hsien-Phing reign-period (+1000), а naval captain, Thang Ful, pre- 
sented models for an incendiary arrow (huo chien”), a fire-ball (huo chhiu?) and a 
barbed fire-ball (huo chi li*), while at the same time a naval architect, Hsiang 
Wan, presented designs for warships.* They were rewarded with numerous 
strings of cash. Then in +1002 a military officer, Shih Phu$, reported that he 
knew how to make better fire-balls (kuo chhiu’) and fire-arrows (huo chien?). 
Accordingly his products were tried out, by imperial order, in tests watched by 
ministers of State and their assistants.^ Thus in the decades preceding the first 
appearance of gunpowder formulae in the Wu Ching Tsung Yao there were many 
developments of something essentially new. Otherwise why all the fuss about 
tests and rewards? Surely these inventions were in fact connected with the use of 
gunpowder low in nitrate as an incendiary more controllable and more effective 
than any fire-producing mixtures previously available. It would have been much 
less haphazard than the old fire-arrows with oil and other combustibles, and the 
length of fuse could have been carefully adjusted' to the estimated time of travel. 
The passages given in the previous paragraphs have sometimes been interpreted 
as signifying the first appearance of the rocket, though there is really no evidence 
for this, no indication that the projectiles flew off of themselves. But the use of 
*rocket-composition' as an incendiary would be exactly what one would expect 
for this particular time; the gunpowder mixture had not been known for very 
long, and the properties of high-nitrate powder were still remaining for the fu- 
ture to discover. 

Perhaps the most enigmatic text of about this time is that concerning the 
‘whip arrow, or javelin’ and the ‘gunpowder whip arrow, or javelin' (Fig. 13), 
which occurs in the Wu Ching Tsung Yao of t 1044. The passage concerning it is 
very difficult to interpret, and we shall have to adopt the unusual course of 
giving two alternative translations.* The first is as follows: 


The whip arrow (or javelin) called pien chien.? 

Take a length of newly (-cut) green bamboo 10 ft. long, with a diameter of 1-5 in. (as 
the pole, kan’). The lower end is shod with iron (and fixed to the ground). A silk cord 
6 ft. long is attached to the top end of it. Take also another piece of strong bamboo 6 ft. 
long to make the pien chien? itself, and give it a pointed head (tsu!!). Check the junction of 
the two poles, and fix there a bamboo guide-hook (chu піећ 2). 


* Ibid. ch. 197, p. 2a; Sung Hui Yao Kao, ch. 185, p. 376. Also HTCTC/CP, ch. 47, p. 155. 

^ HTCTC/CP, ch. 52, p. 20a; cf. Féng Chia-Shéng (1), p. 48, (6), р. 17. Shih Phu has a biography in Sung 
Shih, ch. 324, pp. 1af., but it does not tell us much about his technical interests. There are many references to 
him also in the former work, e.g. ch. 46, p. ба, ch. 47, p. 154, ch. 15, p. 4a, ch. 55, p. 95, etc. 

© WCTY/CC, ch. 12, pp. боё, бта, b (Ming ed. ch. 12, pp. 525, 53a), tr. auct. 
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Fig. 13. The ‘gunpowder whip-artow’ (iuc yao pier chien), from ИСТУ, ch. 12; p. 608. 
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[Comm. Some people call it a pien tzu’.] 
When the moment for shooting ( fang?) comes, connect the javelin to the pole (through 
a loop of) the silk cord; then while one man shakes the pole and pulls it back, the other 
man holds the end of the javelin (aiming it), so that the pole hits against it (cki?) and 
propels it forth (erh fa chih*). 
The advantage of the whip arrow (or javelin) is that it can shoot (far) upwards to hit 
the enemy above. 


Then come the mysterious words about gunpowder. 


But if there are low objects or (enemy) troops, then let off ( fang?) the gunpowder whip 
arrow or javelin (Auo yao pien chien>).* Make a container of the bast of birch bark, and put 
into it 5 oz. of gunpowder behind the javelin head. Light it and shoot it off (fan erh fa 
с). 


Thus on this interpretation the main propulsive force was provided by the elas- 
ücity of the bamboo pole bent backwards by one of the soldiers, while the other 
one did the aiming. Nothing is said in detail of the fuse, but the gunpowder, 
presumably low in nitrate, was clearly acting as an incendiary. A drawing based 
on this view is given in Fig. 14 (a). 

But there is another possibility, according to which the second pole acted 
more hke an atíati or throwing-stick. Let us look then at a second translation. 


For whip arrows (or javelins, pien chien?) one must use a new and green bamboo то ft. 
long and of diameter 1.5 in., forming a long staff. At the back end an iron chain is 
attached, and to the other end a silk cord 6 ft. long is fastened. Another piece of strong 
bamboo is sharpened to form a whipjavelin, it is also 6 ft. long, and at a specific point in 
the middle a hook or projection (nieh?) is fitted. 

[ Comm. This is also called а pien tzu?.] 

At the time of shooting, the cord is hooked round the projection, attaching the javelin 
to the pole. One man wields the pole to give a force, while the other holds (and aims) the 
rear end of the javelin so that it can receive the impetus and fly forth. The benefit of this 
is the way it shoots high upwards, hitting the enemy with the accuracy of close-quarter 
weapons. 


And the words about gunpowder follow on. 


For letting off gunpowder arrows (or javelins, Auo yao chien?) the bast of birch bark (hua 
phi yu?!) is wrapped round forming a ball with 5 oz. of gunpowder placed inside it, 
behind the point (the shaft of the arrow passing through the middle}. Upon igniting, the 


arrow is shot forth. 


On this version, then, one soldier gave a strong turning movement to the bam- 
boo pole, which pulled the silk cord with it, then as the second soldier aimed 


> "The text says only &uo pao chien, the full phrase is taken from the caption in the illustration, 
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(a) 


(b) 


Fig. 14. Diagrams illustrating alternative reconstructions of the ‘whip-javelin’ and ‘gunpowder whip-javelin’ 
of the Wu Ching Tsung Yao. 


the javelin, the cord, doubtless with a ring at the end, slipped off the hook and 
the projectile went on its way. The sketch in Fig. 14(b) attempts to explain the 
mechanism. It would have been a somewhat sophisticated application of the 
principle of the айай, propulseur, or throwing-stick, used by almost all peoples 
from prehistoric times onwards to increase the range of their javelins.* We do not 
feel able to decide as between the bent pole and the throwing-stick." 


a See for instance Singer ef al. (1), vol. т, p. 57; Kroeber (1), p. 643; Montandon (1), pp. 398 f; Heymann 
(2); Pitt- Rivers (4), p. 132 and pl. 16; Underwood (1). 

> Among its many obscurities the text gives no idea of the length of the iron chain, if there really was one. It 
seems to say that the silk cord was attached to the chain, but ksiao_ must surely indicate the top of the pole. 
Then the text states that the silk cord is attached to the 10 ft. pole, but the illustration (Fig. 13) shows it 
attached near the rear end of what seems to be the 6 ft. javelin-arrow. And on the first interpretation the 
purpose of the silk cord is unclear; perhaps it steadied the javelin, or held the pole back when sufficiently bent. 


ож 
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But of course what really matters is the function of the gunpowder. Án in- 
cendiary purpose for the huo yao pien chien! is clearly stated a few pages later on,? 
and birch-bark containers are mentioned again,” in the course of a long section 
entitled ‘Methods for the Defence of Cities’ (Skou Chhéng chih Fa?). But the later 
use of the words for designating rockets has impelled many to see in this descrip- 
tion the earliest account of rocket propulsion. Wang Ling‘ was inclined to this, 
but Féng Chia-Shéng? decided definitely against it. Unfortunately there is а 
certain ambiguity in the concluding words, and this has impelled Li Ti (т) to 
defend the idea that the whip-javelin was a gunpowder rocket. He uses several 
philological arguments, first, that the verb fang? is used for the shooting, not 
shé*—but the former was already said of fire-arrows in the Sung Shu. What he 
says about fan? is more weighty; it means to boil or roast, or to cook meat offered 
to gods and spirits, i.c. a process rather than an action; so he would like to 
translate ‘as it burns, it will fly forth’. He wishes to differentiate the whip-javelin 
from the arrow carrying a gunpowder incendiary packet shot from a bow, the 
device we shall study next, since he doubts that the methods of propulsion stated 
would have carried the javelin any significant distance if it was not a rocket. 
Here opinions may differ. Our view is that the javelin-arrow was a javelin- 
arrow, with or without its payload of incendiary gunpowder, and therefore not a 
rocket. If it was really self-propelled, why did it need all that auxiliary equip- 
ment worked by two men? 

One hardly ever comes across a reference to the pien chien in any of the kinds of 
literature of the following centuries. But it does appear in a poem written by 
Chang Hsien? in the middle of the +14th century. It is called Pei Féng Hsing? 
(Affairs of the North Wind),® and in it a young man driving a cart near Chü- 
yung Kuan north of Peking meets a strange and fearful horseman, who carries 
with him a pien chien in a holder. Nothing more is said of it, but this gives us at 
least one literary reference which suggests that the technique still remained in 
existence. 

We do think we have a clear and concise description of exactly the kind of 
thing that Thang Fu and his colleagues were introducing at the turn of the mil- 
lennium, but naturally it comes from some three hundred and fifty years 
later.^ In the Huo Lung Ching there is an illustration of the ‘Fiery Pomegranate 


а WCTY/CC, ch. 12, p. 73a (Ming ed. ch. 12, p. 64). 
WCTY/CC, ch. 12, p. 744 (Ming ed. ch. 12, p. 65). 
(1), р. 165. 
(4), P- 41, (6), PP- 23-4. 
They could mean either ‘ignite it to set it off, or ‘ignite it and set it off”. We prefer the latter. 
He feels that if just the single action of lighting had been meant, some expression like cha Auo® or jan? would 
have been used. But we have not found these very commonly in texts of that time. 
= Yü Ssu Chi'®, ch. 3, p. 9a. 
> The passage is not in the Wu Ching Tsung Yao now, but there is a similar one in its Wu Ching Yao Lan 
version. 
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arrow shot from а bow’ (kung shé huo shih-liu chien!), given here in Fig. 15, and a 
textual explanation.* It says: 


Behind the arrow-head wrap up some gunpowder with two or three layers of soft paper, 
and bind it to the arrow shaft in a lump shaped like a pomegranate. Cover it with a piece 
of hemp cloth tightly tied, and sealed fast with molten pine resin. Light the fuse and then 
shoot it off from a bow. 


The last sentence is amplified later on in the Wu Pei Chih as follows: 


You can use paper pasted and oiled to make the fuse (yao Asien”), which should lead into 
the front of the gunpowder ball.© The iron arrow-head must be sharp, with backward- 
pointing prongs. Light the fuse to start the fire, then release the arrow from the bow, and 
send it off. When it reaches the target, the fire caused in the protective matting or sails 
cannot be extinguished with water; so the device is of great advantage. 


This last remark reminds us that the difficulty of putting out a blaze caused by a 
mixture with its own built-in oxygen supply was another signal advantage of 
gunpowder as an incendiary; a similarity in a way to the old Greek Fire, though 
that had depended on its physical property of liquidity. Primitive incendiary 
combustibles would not have been so hard to put out. 

What was true of bows was also true of crossbows, as is shown by another 
passage in the Wu Ching Tsung Yao.‘ After explaining in detail the construction 
and operation of the three-spring or triple-bow arcuballista (cf. pt. 6 (f) above), it 
goes on to say that in the use of the San Kung Chhuang Tzu Nu? ‘to all these 
bolts one can add gunpowder, but the amount, whether heavy or light, much or 
little, will depend upon the strength of the catapult.* This will have been 
another version of the incendiary projectile. 

When the Sung capital, Khaiféng, fell into the hands of the Chin Tartars in 

+1126 a great deal of war material was captured by them, Hsia Shao-Tséng* 
afterwards wrote: 
The palace eunuch Liang Phing-Wang? showed (the invaders) round the imperial 
palace, and told them of the toys and precious things contained therein, while Téng Shu? 
presented a complete list of queens, consorts, young princes, concubines and the like. A 
certain Li’ handed over 20,000 fire-arrows (huo chien), a (standard) model of the tre- 
buchet for hurling projectiles filled with molten metal, and four-bow arcuballistae— all of 
which had been prepared by (Sung) Thai Tsung for the conquest of (Nan) Thang. In 
peacetime these officials had lived off the fat of the land, yet now what heartlessness to 
the country did they show! 


* Pt. i, ch. 2, p. 24a, b; Hsiang-yang-fu ed. р. 214, tr. auct. 

^. Ch. 126, pp. 105, тга, tr. auct. 

“ This probably explains the antenna-like objects seen in the illustration; there js only one in IPC, drawn 
more clearly. 

3 Ch. 13, p. 7a in both editions, tr. aüct. 

* This passage was first noted by Wang Ling (1), p. 166, but he thought that some kind of rocket was 
meant. 

© Chhao Yeh Chhien Yen, quoted by Hsü Méng-Hsin in his San e Pei Méng Hui Pien, ch. 9j 2p 55, tr. айс. 
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arrow, the ery pomegraaate shot fror à bow, from SLC. pt i, ch. 2, p. 244. 
Thus here again we have the incendiary arrows, at this time almost certainiv 
containing gunpowder, or with arrangements to-do so. 

During the whole of the remainder of the Sung dynasty these weapons found 
much employment. In +1130, four years after the fall of the capital at Khaiféng, 
the Chin Tartars used them with much effect against Han Shih-Chung!, сот 
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manding the fleet of the Southern Sung.* But the Sung responded in kind the 
following year, when a brigade, besieged at Tang-thu!, using petrol flame- 
throwers and five-pole trebuchets as well as gunpowder fire-arrows, succeeded in 
burning all the enemy's scaling-ladders and wooden siege-works, so that the 
investment was raised.” Then in +1206, when the Sung army was defending 
Hsiang-yang, Chao Wan-Nien's? account of the siege uses, perhaps for the first 
time, the expression Auo yao chien), ‘gunpowder arrows';? this may conceivably 
indicate the first appearance of the rocket, a point which we shall consider pre- 
sently,? but more probably it still referred to the function of gunpowder as an 
incendiary. The works of the Chin Tartar force were certainly destroyed on this 
occasion. After that the terminology reverts to the usual ambiguous ‘fire-arrows’, 
as in the account of the Southern Sung army fighting the Mongols in +1275, 
where we read of kuo shih*.© At this time (+1274, +1279) Bayan? was invading 
the south, opposed by Lii Wén-Huan® as Sung commander-in-chief, and many 
sources tell of their use of huo phao’, trebuchets casting incendiary bombs, prob- 
ably of low-nitrate gunpowder.‘ 

We can probably trace back the incendiary arrows using gunpowder to an 
event of +1083. One of the commanders, Chao Hsieh’, asked for further muni- 
tions, whereupon he was given 1000 strong bows (shen pi kung’), 100,000 arrows 
and 250,000 yao chien, which might be poisoned arrows, but were more prob- 
ably gunpowder-carrying ones. Then Li Hsin", in his Khua Ao Chi”, described 
a combat against the Chin Tartars in + 1090 during which fire-bombs (huo phao™) 
were used." These incendiary projectiles saw much service during the ensuing 
thirty years, culminating in the fall of Khaiféng.' They also figured largely dur- 
ing the celebrated defence of Té-an in +1127 by Chhen Kuei™, used too by the 
Chin Tartars attacking the city) Soon afterwards Lin Chih-PhingP urged the 
equipment of all the Sung warships with gunpowder fire-bomb trebuchets and 
gunpowder incendiary arrows.* By-- 1160 we have an account of an important 
naval engagement between the Sung and the Jurchen Chin forces, Li Pao" in 


HWHTK, ch. 131 (p. 3965-3); HSCH/TCTC, ch. 2, p. ta. 
Yan Lu Man Chhao, ch. 1, pp. 11a, b, 12a. 
In his Hsiang-Yang Shou Chhéng Lu, p. 75. 
Pp. 511 Ё. below. 
HWHTK, ch. 131 (p. 3966-3); Sung Chi San Chhao Chéng Yao, ch. 5, p. за, b. 
E.g. Sung Shih, ch. 450, pp. 4a F., Yuan Shih, ch. 156, p. 19а; Кио Chhao Wên Lei, ch. 41, pp. 156, 20а. 
Sung Shih, ch. 197, p. 86. The same expression, yao chien!?, comes again in Kuei Hsin Tsa Chih (Pieh Chi), 
ch. 2, p. 398 in connection with the Hsiangyang siege just mentioned. 

^ Ch. 26, p. 80. 

* Féng Chia-Shéng (7), pp. 56-7- 

5 Shou Chhéng Lu, ch. 3, p. ба, ch. 4, p. ба. 

* Sung Hui Yao Kao, ch. 186, Ping Sect. ch. 29, p. 32a. These were the specifications which included the wang 
foul? or sighting-tube, for taking altitudes on shipboard, cf. Vol. 4. pt. 3, pp. 575-6. 
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command of the Sung squadron, and Chéng Chia! the admiral of Chin. The 
Chin Shih says:? 


Chéng Chia did not know the sea routes (among the islands) well, nor much about the 
management of ships, and he did not believe (that the enemy, the Sung, was near). But 
all of a sudden they appeared, and finding us quite unready they hurled incendiary 
gunpowder projectiles on to our ships. So seeing all his ships going up in flames, and 
having no means of escape, Chéng Chia jumped into the sea and was drowned. 


Four years later, under attack at Haichow by the Chin army, a Sung officer, Wei 
Shéng?, invented new forms of mobile trebuchet like field artillery which could 
hurl both stones and gunpowder incendiaries some 200 paces. It was about this 
time, in +1176, that the fall of a meteorite was compared with the letting off of a 
gunpowder projectile trebuchet, ju fa huo phao*, as Chou Mi afterwards put it, 
using contemporary records.‘ This was a felicitous description, as the main 
effect would have been an alarming whoosh sound, like the noise of a heavy 
vehicle passing at an unpleasantly near distance. No doubt the line between the 
incendiary and the explosive was never clearly fixed; some of the huo chhiu' and 
huo phao® projectiles may have been made with gunpowder containing a higher 
nitrate content about +1200, but it is hardly possible to settle the question.? The 
transition was as likely as not very slow, with many local diversities. In +1206 
and +1207, while Chao Wan-Nien was defending Hsiangyang against the Chin 
Tartars, Wang Yün-Chhu? was conducting a similarly successful defence of Tê- 
an (like Chhen Kuei eighty years before). In reading through his son's book, the 
Khai-Hsi Té-An Shou Chhéng Lu, one is struck by the great predominance of in- 
cendiary weapons, to which there are at least fifteen references, though Auo phao® 
and huo chien? were freely used. To gunpowder as such there is only one, where it 
is said to have been packed with rice straw and used-matting fragments into 
tea-sacks, then launched against the enemy— clearly an incendiary device.* 

In the foregoing pages it will have been noticed that some of the inventors 
such as Thang Fu and Shih Phu also initiated gunpowder-containing incendiary 
fire-balls which were to be shot off from trebuchets. Among devices of this kind 
described in the Wu Ching Tsung Yao (+1044) we find the ‘iron-beaked fire kite’ 
(thieh tsui huo yao?) and the ‘bamboo fire kite’ (chu huo yao!) The text for 


* Ch. 65, p. 166, tr. auct.; cf. Sung Shih, ch. 370, pp. 45, 5a. It was the Battle of Thang-tao.? Lu Mou-Té (1) 
knew of it, but wrongly assumed that the weapons were cannon. 

> Sung Shih, ch. 368, p. 155. Here again Lu Mou-Té (1), pp. 30-1 made the same mistake. Wei Shéng also 
invented new forms of arcuballista. 

< Kuei Hsin Tsa Chih (Pieh Chi), ch. 1, p. 7b. 

3 [tis a curious circumstance that while the ‘gunpowder whip arrow or javelin’ is so prominent in the Wu 
Ching Tsung Yao, and has given rise to so much difference of opinion, it is never mentioned, so far as we know, in 
the accounts of battles and sieges in the historical literature. 

* Tr. Hana (1), p. 156. 

* WCTY/CC, ch. 12, pp. 645, 655, tr. auct. Cf. Wu Pei Chik, ch. 130, pp. 214, b, 22a, b. 
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the illustration given in Fig. 16 says: 


The ‘iron-beaked fire kite’ has a wooden body, an iron beak, and a bundle of straw as 
a tail. Gunpowder is enclosed in (front of) the tail.* 

The ‘bamboo fire kite’ is made of a coarse bamboo basket framework, large in the 
belly and narrow.at the mouth, with a rather elongated shape. Several layers of paper 
are pasted over the framework, and brushed (with oil) until the cover becomes yellow. 
1 lb. of gunpowder is put inside, and some round stones are added to increase the 
weight. Then a bundle of straw weighing 3 to 5 lb. is tied on to form the tail. 

These two things are (used) in the same way as the ‘barbed fire-ball’. When the 
enemy comes to attack one's city wall, they are both launched from trebuchets ( phaol). 
They will set fire to the equipment collected by the enemy, and strike terror into his 
troop formations. 


In spite of the word ‘kite’, which could equally well be translated ‘kestrel’ or 
'sparrow-hawk', these two projectiles were evidently meant to be thrown over 
like bombs, and the paper kite (which was certainly a Chinese invention) is not 
involved. 

This brings us to the subject of fire-balls, bombs and grenades in general, our 
discourse next in order. The distinction between the incendiary and the explo- 
sive is difficult to draw, since we need to know what we are never told, namely 
the proportion of saltpetre in the mixture. But as we shall see, certain items of 
terminology may inform us of the moment when the borderline was crossed. 

Before going further, however, let us dispose of a projectile which was certain- 
ly not explosive, even though containing gunpowder. ‘Fire-balls’ (huo chhiu?) 
were made to be hurled from trebuchets towards the enemy. We have already 
described (p. 73) the ‘igniter’ or ‘range-finding’ fire-ball (yin huo chhiu*) used 
for ascertaining distances. But there was also a ‘barbed’ or hooked fire-ball (chi li 
huo-chhiu*), intended for attaching itself to objects or structures (Fig. 17). The Wu 
Ching Tsung Yao says 


The barbed, or calthrop, fire-ball has three sharp-edged six-pointed iron spikes, and is 
rolled up with gunpowder inside it. It has a hempen rope 2 ft. long (with a ring on the 


* "The point of the iron nozzle was presumably to direct the flames in a particular direction. 

> This was discussed in Vol. 4, pt. 2, pp. 576 8., whence we may recall the leaflet raid of + 1232 (pp. 577-8) 
and the man-lifting kites of the + 13th.century (p. 589) which could have been used for spotting. Itis true that 
a bomb of some kind is shown suspended over a city from a sort of flying windsock in Walter de Milamete's 
famous MS (cf. p. 287); James (25; pp. xxxiv, 154-5, fol. 775, 78a. This representation would be evidence for 
+ £397 in Europe, hut the design is so fanciful and impractical that it must have: been imaginary. There is à 
good deal more to be said about windsock-aerostats or. hot-air balloon dragon-standards than what we were 
able to put in Vol. 4 pt..2, pp. 597-8, but it is not really relevant here. 
* WCTY/CC, ch. 12, pp- баа, 650 tr- auct. Cf Arima {1}. pp. 312. The SKCS edition writes yao yao? instead 
of йиз yao, but this is an obvious misprint because all other texts say the latter, e.g. Wu Ching Yao Lan, ch. 12, 
pp. бо. 64; Hue Lung Ching, pt. 1. ch. 3, pp. 5а, 6, ба, b; Hsiang-yang-fu ed. pp. 275, 28a; Wu Ре Chik, ch. £30, 
рр. 44 b, 54; b. 
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Fig. 16. The ‘bamboo fire kite’ (bird) and the ‘iron-beaked Hee kite" bird); incendiary projectiles from WCT'Y, 
ch. 12, p. 645. 
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Fig. 17. The igniter or range-finding fire-ball and the barbed fire-ball, from WCTY, ch. 21, p. 64a. 
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end) threaded through it.* On the outside it is enveloped in paper, to which is applied 
various chemical substances.” It also has eight iron calthrops, each of which is provided 
with hooks (ni #501). When you want to let it go you set light to it by piercing it with a 
(red-hot) iron poker, so that smoke begins to come out. 


The text continues by giving the gunpowder formula for use with this weapon; 
it is the second of those which we examined above (p. 122), and its nitrate- 
content did not exceed 50%. 

A fire-ball with barbs, spikes or hooks (cf. p. 120) makes one naturally think 
of those clusters of radiating spikes, known as calthrops, which were scattered on 
a road or any piece of ground to deter the onset of cavalry. This principle was of 
course a very ancient one, going back to the —4th century with the Mo Tzu 
book." But that was not quite what was at issue here—the barbed or hooked 
fire-ball was intended to attach itself to wooden buildings or to the sails of ships, 
and so set them on fire. It is interesting that exactly the same device was used 
later on in Europe, whether derivatively or independently, incendiary shot with 
hooks designed to catch on to rigging and sails, with destructive consequences? 

It was natural that incendiary bombs and grenades containing low-nitrate 
gunpowder should persist into the +17th century and later. Thus the Ping Lu 
of +1606 mentions some of these. For example, the “flying fire-pestle' (fei huo 
chhui?) was simply a bottle-shaped wooden grenade, eight inches long and with 
sharp spikes or hooks protruding from its surface (Fig. 18). When thrown on to 
an enemy ship it would attach itself by these to sails, rigging or woodwork, and 
then the flames of the explosion or deflagration, even though strong enough only 
to break the casing, would set the craft on fire.* A rather simpler version was the 
‘flying swallow’ (fei yen’), nothing but a tube of bamboo or carton containing 
gunpowder of 68-5% saltpetre," yet also provided with hooks for attachment to 
the sails and structures of the enemy.’ Such devices were the direct ancestors of 
the incendiary bombs of the present day. 


(10) BOMBS AND GRENADES 


We are now at the frontier between incendiary gunpowder and explosive gun- 
powder. The probability is that the huo chhiu* and huo phao? of the +1oth and 
t 11th centuries involved only low-nitrate mixtures, nevertheless very effective in 


* Perhaps this acted in the same way as the sling in which the projectile rested at the end of the long arm of 
the trebuchet. 

> This may well mean more gunpowder. 

© Ch. 54, p. 154. Then all the ancient military works, such as the Liu Thao, speak of it. Cf. Chang Hung- 
Chao (7), p. 426. 

4 Blackmore (2), p. 193. 

* PL, ch. 12, pp. 595, 60a. 

f The composition is in this case actually given: in percentages, N 68:5; 8 12-3; C 19.2. 

= FL, ch. 12, p. 61a. 
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Fig. 18. The “flying fire-pestle' ( fei Auo chhui) from Ping Lu 
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setting fire to siege machines and towers on land or ‘wooden walls! at sea. But 
now a new term, phi li phao!, seems to mark the appearance of a new thing, the 
‘thunderclap bomb’, for the first time truly explosive. It would have been some- 
thing like a maroon, consisting of higher-nitrate gunpowder, enclosed in a weak 
case of bamboo, carton and the like; with the property of giving a loud bang 
when exploded, and therefore more suitable (unless combined with other things) 
for causing fright rather than serious injury to the enemy's horses and men. As we 
shall see, this weapon was characteristic of the conflicts of the + 12th century. 
Following upon this, there was a further step to the chen thien lei? or ‘heaven- 
shaking thunder-crash bomb’, also identifiable as the thieh huo phao? or ‘iron 
bomb’, and also projected from trebuchets. Here for the first time brisant high- 
nitrate gunpowder was used, enclosed in a strong casing of metal, and thus 
calculated to cause serious injury to the enemy’s troops upon detonation, a 
word we can now at last make use of. Broadly speaking, this development was 
characteristic of the +13th century. Its development had taken some two and a 
half centuries, since the first use of the term Auo phao seems to have occurred in 
* 1004, when Hsü 'Tung mentioned it in one of his discussions of attack by fire in 
the Hu Chhien Ching ^ 

There was one great advantage about the use of explosive projectiles, whether 
thin-walled or stout-walled, but so simple that it has not often been mentioned. 
When both sides were equipped with trebuchets, the stones hurled by the enemy 
could with relative ease be collected and used as ammunition to hurl back 
against them. But as Li Shao-I (т) has pointed out, maroons and bombs disinte- 
grated, doing as much damage as possible in the process, and the fragments 
were not available for re-use in the opposite direction. 

It is a matter of great interest that the 'thunderclap fire-ball, or bomb’ already 
appears in the Wu Ching Tsung Yao; a fact which must surely mean that some of 
the Sung artisans of the first half of the +11th century already knew what would 
happen if one increased the percentage of saltpetre in the gunpowder mixture. 
The point was vital, since now for the first time a true explosion could be 
brought about. Here is the description (cf. Fig. 19):^ 


The thunderclap bomb ( phi ii huo chhiu*) contains a length of two or three internodes of 
dry bamboo with a diameter of 1.5 in. There must be no cracks, and the septa are to. be 
retained to avoid any leakage. Thirty pieces of thin broken porcelain the size of iron 
coins are mixed with зог 4 Ib. of gunpowder, and packed around the bamboo tube. The 
tube is wrapped within the ball, but with about an inch or so protruding at each end. A 
(gun)powder mixture is then applied all over the outer surface of thie ball. 


> Ch. 6, p. 42, шап even then in the author's commentary опу. 

st pp. 674, 684, 692, tr. auct. There are parallel descriptions i in АРС, pi. 1, ch. 3, p. та, 5; 
sep. "Ba, 2, both abridged, otherwise essentially the same. HEC says go Tb. of gunpowder, 
which would have been.a much bigger bemb, but perhaps it was a faisprint for gorg. Of Okada Noboru (3). 


EEE PEKE аква ER KE 











30. MILITARY TECHNOLOGY 


| 
1 
{ 
d 





Fig. 19. The ‘thunderclap bomb’ (phi li phao, or phi li huo chhiu), type of the bomb with weak casing. From 
WCTY, ch. 12, pp. 676 ff. The other two objects illustrated are the red-hot iron brands used for igniting the 
projectile before it was hurled from the trebuchet. i 
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[Comm. The gunpowder mixture for application around the outside is given under 
the fire-ball section. ]* 
If the enemy digs a tunnel to attack the city, then a sap must be excavated so as to 
connect with it. A (long) red-hot iron brand is used to set off the thunderclap bomb, 
which produces a noise indeed like thunder. Bamboo fans are used to drive the smoke 
and flame down the tunnel, so as to stifle and burn the enemy’s sappers.” 
[Comm. The soldier setting off the bomb should suck some liquorice (kan tshao!) as a 
protection. ]* 


Here several interesting points arise. Presumably the point of the unbroken 
bamboo was to act like a fire-cracker and add to the fearsomeness of the explo- 
sion.? Secondly, the nature of the covering is not stated, but as other descriptions 
will show, it was of carton or thick layers like a paper parcel. Thirdly, the sort of 
gunpowder applied round the outside is explicitly stated to have been of the 
fire-ball incendiary type, therefore low in nitrate, and it must have been mixed 
with some kind of gum to hold it in place. It would be extremely interesting to 
reconstruct and test the whole device.* 

So far we have not found the thunderclap bomb referred to in battle descrip- 
tions before the end of the +11th century, but after that time they come thick 
and fast—perhaps a shortage of saltpetre delayed the general use of the weapon. 
One of the earliest concerns the valiant but unsuccessful defence of Khaiféng 
(Pienching), the Sung capital, against the hosts of the Chin Tartars. One of the 
Sung commanders. Li Kang, left us an eye-witness account of the use of the 
thunderclap bomb. He wrote: 


First Tshai Mou‘ gave orders to all the officers and soldiers that (even) when the Chin 
troops came near the city, the trebuchets and arcuballistae were not to be used, and 
anyone who did so would be beaten; whereupon our men were very angry. I myself then 
took over the command, and ordered them to shoot off any such artillery as they should 
see fit, and those who attained their targets best were well rewarded. At night the thun- 
derclap bombs were used, hitting the lines of the enemy well, and throwing them into 
great confusion. Many fled, howling with fright. 


The thunderclap bomb was sometimes combined with the blinding lachryma- 
tory smoke caused by finely powdered lime. Here the classical instance is the 
Battle of Tshai-shih?, where in +1161 the Sung admiral Yü Yün-Wén* won a 


a Р. 654, b; cf. p. 122 above. 

> This is old stuff, going back to the —4th-century Mo Tzu book; cf. Vol. 4, pt. 2, рр. 1371f. 

* Cf p. 125 above. 

9 Davis & Ware (1), p. 524, overlooked the specified integrity of the bamboo, and thought that as a hollow 
pipe it would make a roaring noise as the bomb flew through the air. 

© Together with other forms of huo chhiu, it is referred to incidentally in the description of the trebuchet (huo 
phao?) on pp. 565, 57a. 

£ Ching-Khang Chhuan Hsin Lu, ch. 2, p. 13а, b, tr. auct. See also Sung Thung Chien Chhang Phien Chi Shih Pén 
Mo, ch. 147, p. 10a. Knowledge of this incident in the West goes back to Mayers (6), pp. 89-90, but he could 
not make out what sort of a projectile it was. 
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great victory over the Jurchen Chin forces which were trying to cross the Yang- 
tze and invade the south. In his Hai Chhiu Fu! (Rhapsodic Ode on the Sea-eel 
Paddle-wheel Warships),? Yang Wan-Li?^ wrote as follows:” 


In the Asin-ssu year of the Shao-Hsing reign-period, the rebels of (Wanyen) лапе? came 
to the north (bank) of the River in force, intending to capture the people's boats, and 
hoisted flags indicating that they wished to cross over. But our fleet was hidden behind 
Chhi-pao Shan (island), with orders to come out when a flag signal was given. So a 
horseman was sent up to the top of the mountain with a hidden flag, and then when the 
enemy were in mid-stream suddenly the flag appeared; whereupon our ships rushed 
forth from behind (the island) on both sides. The men inside them paddled fast on the 
treadmills, and the ships glided forwards as though thev were flying, yet no one was 
visible on board. The enemy thought that they were made of paper. Then all of a sudden 
a thunderclap bomb was let off. It was made with paper (carton) and filled with lime 
and sulphur. (Launched from trebuchets) these thunderclap bombs came dropping 
down from the air; and upon meeting the water exploded with a noise like thunder, the 
sulphur bursting into flames.? The.carton case rebounded and broke, scattering the lime 
to form a smoky fog which blinded the eyes of men and horses so that they could see 
nothing. Our ships then went forward to attack theirs, and their men and horses were all 
drowned, so that they were utterly defeated." 


It would be interesting to know what the arrangements were which ensured that 
the lime would form an irritant fog without being wetted and slaked by the 
water.’ The presence of quicklime in these thunderclap bombs has caused sever- 
al writers to puzzle over analogies with the ‘automatic fire’ of Western antiquity 
(cf. p. 67 above), in which incendiary substances were supposedly ignited by 
the heat of slaking quicklime,® but in fact this was needless, since we know now 
that the thunderclap bomb contained explosive gunpowder. Probably the noise 


* On these see Val. 4, pt. 3, p. 416. 

>  Chhéng Chai Chi, ch. 44, pp. 85, ga, tr. auct. СЕ Pi Chou Kao Lüeh, ch. 1, p. ба; Chin Shih, ch. 65, p. 165; Sung 
Shih; ch. 368, p. 15а. We gave an account of this battle already in Vol. 4, pt. 2, p. 421, but reserved the text for 
the present place. For the historical background see Cordier (1). 

* ‘Fourth emperor of the Jufchen Ghin, assassinated by his own generals after the defeat. 

5 Yang Wan-Li himself evidently did not know exactly how the thing worked. His actual words here were: 
‘I think most likely it was made of paper and contained lime and sulphur; when it hit the water, falling from 
the air, the sulphur began to burn, then it jumped up again with a noise like thunder, and the paper broke, 
liberating the lime and scattering it as-a smoky fog. Presumably ihe rebounding was the effect of the low- 
nitrate gunpowder on the outside, the fuse of which had been set just right to bring about the ignition when the 
projectile reached the water surface. 

= Abbreviated, and not very good, versions of this text appeared later on in encyclopaedias such as Wa 
Li Hsiao Shih, ch. 8; p. 26a and Ko Chih Ching Yuan, ch..42, p..27 b. Earlier Western writers, e.g. Romocki (17. 
vol т, pp. 4374. knew only these, so. it is not surprising that they ignored the gunpowder and evoked Greek 
Fire and the speculations about it, Та Mou-T8 (1); p. 2a, knew the original text, bur thought that the thunder- 
clap lime bombs were shells fired from cannon. 

"Artificial fogs in-warfare are also mentioned in the + roth century. Under the Later Liang, when Chhien 
Lint (ef Vol 4, pt: 3, pp. 320-1): was ighting-a war ш +918, his son Chhien Yuan-Kuan? made fireships 
which covered the enemy fleet in thick fog, and so turned the scales. See Chavannes (2); p. 202, translating 
Chiu Wu Tai Shik, ch. 133, pp. 4b to 8b. 

# Notably Wang Ling (1), p. 169, who had the merit, however, ol giving the translation of another passage 
from. the Cheng: Chai Chi : 

Chinese historians around 1800 were accustomed to зау that this battle of +1161 was-the first in which 
gunpowder was used— but now. we know. that it went back at least two centuries earlier. See, for example, 
Chao I's! Kai Үй Tshung Khao’, ch. 96, and Liang Chang-Chü's? Lang Chi Tshung Than”, ch. 5. 
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was as important here as the toxic smoke, and that required this higher-nitrate 
mixture. 

Actually, the blinding effect of clouds of finelv powdered lime was an old 
military technique in China; we have two accounts of it already in the same 
century. For example, in +1134, when a Sung garrison was shut up in Haochow 
by the Chin Tartars:* 


Orders were given to the townspeople to transport (to the walls) jars of lime (hui 
phing').... As before, the Chin soldiers erected (wooden) towers at the river mouth in 
order to attack the city; but from its ramparts projectiles of molten iron were sent over, 
iogether with the jars o? lime, and stones (all from trebuchets) as well as arrows (from 
crossbows and arcuballisiae). 


Thus battered and confused, the enemy raised the siege. Then, in the following 
year, when the Sung general Yo Fei? was campaigning against the bandit chief 
Yang Yao?" we hear that? 


the army also made ‘lime-bombs’ (Aui phaot). Very thin and brittle earthenware contain- 
ers were filled with poisonous chemicals, (powdered) lime, and iron calthrops.* In com- 
bat they were used to assail the enemy's ships. The lime formed clouds of fog in the air, 
so that the rebel soldiers could not open their eyes. Thev wished to make the same kinds 
of things themselves, but their potters were not able to produce them, so they suffered 
great defeais. 


So here we get a little light on the nature of the vessels used to contain the lime 
when it was discharged in projectile form; an echo thus of the fragile bottles 
used in Arabic warfare for hurling over naphtha or distilled petroleum (р. 44 
above}. We can even trace the poison-gas effect a thousand years earlier, when 
in the Han period, about +178, the governor of Ling-ling, Yang Hstian’, was 
fighting a peasant revolt near Kueiyang. The Hou Han Shu says:* 


The bandits were numetous, and Yang's forces very weak, so his men were filled with 
alarm and despondency. But be organised several dozen horse-drawn vehicles carrying 
bellows ( phai nang?) to blow powdered lime (shih hui?) strongly forth, he caused incendi- 
ary rags to be tied to the tails of a number of horses, and he prepared other vehicles full 
of bowmen and crossbowmen. The lime chariots went forward first, айа as the bellows 
were plied the smoke was blown forwards according to the wind (shun feng ku hui), then 
the rags were kindied and the frightened horses rushed forwards throwing the enemy 
lines into confusion, after which the bowmen and crossbowmen opened fire, the drums 
and gongs were sounded, and the terrified enemy was utterly destroyed and dispersed. 
Many were killed and wounded, and their commander beheaded. 


* San Chhao Pei Méug Hui Pien, ch. 165, p. ab, tr. auct. 

> We met him before, in Vol. 4, pt. 2, pp. 419 8. in connection with his remarkable 22-wheeler paddle-boat 
warships. 

© Lao Hsieh An Pi Chi. ch. 1, p. та, tr, auct. The text dates fram about +i rgo: 

? CE p. 125 above. | 

^ Ch 68, p. 12a, tr. auct. Ch Yang Khuan {7}, p. 73. 
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From about +1187 there comes a curious story, recorded by a scholar of the 
Jurchen Chin dynasty, Yuan Hao-Wén!, some fifty years later. What he said 
was this: 


Towards the end of the Ta-Ting reign-period there lived north of Thaiyuan a certain 
hunter named Thieh 112. One evening he found a great number of foxes in a certain 
place. So knowing the path that they followed, he set a trap, and at the second watch of 
the night he climbed up into a tree carrying at his waist a vessel of gunpowder (huo yao 
kuan tzu’). The coven of foxes duly came under the tree, whereupon he lit the fuse and 
threw the vessel down; it burst with a great report, and scared all the foxes. They were so 
confused that with one accord they rushed into the net which he had prepared for them. 
Then he climbed down the tree and killed them all (for their fur). 


Here the bomb was in all probability a narrow-mouthed pottery vase or 
amphora; in any case it takes its place in the array of weak-walled containers.” It 
is interesting that such bombs could be used for hunting as well as for warfare. 

But we must return to the thunderclap bombs. When Chao Shun* was con- 
ducting his successful defence of Hsiang-yang against the Chin Tartars in 
+1207° he found them a very useful weapon. Afterwards Chao Wan-Nien? 
wrote: 


In the evening he (Chao Shun) sent out a commando party of more than a thousand 
brave soldiers, and at midnight they went forward from Ho-thou to attack the enemy.... 
The artillerists held up their torches and shouted, while the soldiers on the city walls 
also shouted and beat drums while the thunderclap bombs were shot off. The (Chin) 
wretches were terrified and quite lost their senses, men and horses running away as fast 
as they could.... 

On the 5th day at 10 o'clock in the morning, the enemy collected themselves together, 
and again attacked the city.... Thereupon the (Sung) commander gave orders that the 
soldiers ... on the city walls should beat drums and raise their shouts, while at the same 
time more thunderclap bombs were hurled forth. The enemy cavalry were again fright- 
ened, and retreated.... 

On the evening of the 25th day, taking advantage of the rain and overcast sky, the 
commander urgently sent the officers Chang Fu® and Hao Yen’ to prepare boats large 
and small, more than thirty in number, enough to carry 1000 crossbowmen, 500 trident 
spearmen, and тоо drummers, together with thunderclap bombs ( phi li phao*) and gun- 
powder arrows (huo yao chien?).* They took cover by the river bank below the enemy's 
encampment.... Then at the stroke of a drum the crossbowmen let fly a volley, and 
immediately following this all the drums sounded and all the crossbows were fired. 
Simultaneously the thunderclap bombs and the fire-arrows were sent into the enemy’s 


a Hsii I Chien Chih, ch. 2, p. 15, tr. auct. 

* Cf. Féng Chia-Shéng (1), pp. 41-2, 77-8, (6), p. 27. 

* Cf. Franke (25). 

9 Hsiang-Yang Shou Chhéng Lu, pp. 135—234, tr. auct. 

* By this date these could well have been rockets, but we must postpone till pp. 472. our examination of 
the time of their first appearance. 
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camp. How many were killed and wounded in this attack could not be known, but men 
and horses were thrown into confusion and trampled upon each other. By the fifth night 
watch they were flying away in all directions. The (Sung) commander then ordered his 
men to retire, not even one being wounded.... 

On the 26th day, one of them, by name Fan Chhi!, who had been captured, walked 
back and regained the lines, saying that the whole Chin force had been asleep when the 
attack took place, so that they had no time to mount their horses or to collect their 
baggage. Such was the confusion that the barbarian army lost two or three thousand 
dead or wounded, and more than eight hundred horses. 


This vivid account suggests that the explosive character of the thunderclap 
bombs took its toll, even though their casings were quite weak, just as the cross- 
bow bolts, fire-arrows and close-quarter weapons certainly did. With this, then, 
we may proceed to gunpowder bombs with stronger casings. 

On the way we may pause to notice that in the +13th century there are 
several references to ‘signal bombs’ (Asin phao?).* For example, in +1276, when 
A-Chu? was attacking Yangchow, these were fired as messages to troop detach- 
ments;? and there are other instances, including one of +1293, when the order 
was given to collect all those still in the stores in Chekiang.* Although they are 
called ‘heaven-shaking’ (chen thien*), they never seem to cause the slightest dam- 
age, so they were most probably carton bombs or maroons timed to explode in 
mid-air, and therefore belonging more to the phi li phao than the chen thien lei 
category. 


From here onwards we have to adopt a method rather different from that used 
for the explosive projectiles with weak casings; for in the Wu Ching Tsung Yao of 
+1044 there is no mention of bombs or grenades with strong ones. We must 
therefore take a look at the battle accounts and other descriptions which deal 
with these cast-iron missiles. Then having considered these, we may say some- 
thing of the literature from +1350 onwards, which has a good many specifica- 
tions for explosive projectiles of both kinds, with casings strong as well as weak. 
By that time, of course, we are well beyond the time of arrival of gunpowder 
weapons in Europe, so we shall return to the much earlier development of the ` 
fire-lance, the rocket, and the metal-barrel cannon in China. 

The story begins with the successful siege of Chhi-chou? by the Jurchen Chin 
forces in +1221. That dynasty was by now almost at the end of its tether, the 
rising Mongolian power in the north having taken their capital of Peking in 
+1215, since when they had set up at Khaiféng. Though menaced in their rear 
they continued to struggle with the Sung. On this occasion, as we can see from 


а See Féng Chia-Shéng (7), pp. 62-3. 
^ Chhien- Thang I Shih, ch. 9, pp. 4a. 55; cf. Sung Shih, ch. 451, p. 45. 
< Kuo Chhao Wen Lei, ch. 41, p. 615. 
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the account of the siege, Hsin-ssu САЛМ САМ Lu', written by Chao Yü-Jung?, who 
had himself been an eye-witness and participant, the Sung division holding the 
fortified city seems to have had nearly everything— 7000 incendiary gunpowder 
arrows for use with crossbows (nu uo yao chier), and 10,000 to be shot from bows 
(kung huo yao chien*), 3000 barbed fire-balls (chi li kuo phao?), and 20,000 large 
leather projectiles ( phi fa phao?), presumably low-nitrate gunpowder in bags." To 
these the somewhat later book Hsing Chiin Hsü Chih’ adds,° besides unspecified 
incendiary bombs (Auo phao*) which could pass right over high obstructions, as 
also grenades (shou phao?), now—for the first time—true metal-barrel guns, or 
proto-guns (Auo thung, literally ‘fire-tubes’), a point to which we shall of course 
return. The Sung soldiers had matting and wet clay as protection against the 
petrol flame-throwers and incendiary bombs and arrows of the Chin Tartars, 
who also used expendable birds (Auo chhin!!) to set the roofs of the houses within 
the city on fire." Although the Sung artillerists would use more than 3000 in- 
cendiary bombs in a single day, there is no mention of explosive thunderclap 
bombs.! But now, again for the first time, comes something else new; the Chin 
army was provided with explosive bombs of cast iron (пей huo phao'”), and these 
they used to attack the defenders, which must mean that a detonating ( рйао 
cha?) high-nitrate gunpowder mixture had been reached at last, since nothing 
less would have burst the iron casing. "lheir shape was like that of a bottle- 
gourd’ ( phao!*), says Chao Yà-Jung,? ‘with a small opening,” and they were made 
from cast iron about 2 in. thick. Féng Chia-Shéng suspected that the Sung 
troops were also equipped with these, but we do not know exactly what they 
were like. In any case, it seems sure that we have to do here with an early 
appearance of the thunder-crash bomb or grenade (chen thien lei”), surpassing 
the thunderclap bomb ( phi li phao!*) because of the much greater strength of its 
casing, апа the much greater damage that it would do when it bursti And in- 
deed Chao Yii-Jung does say that the sound was like thunder (shéng ta ju phi Hi), 
and the effectiveness very great, shaking the walls of houses, and killing and 
wounding many people." 


^ According to Féng Chia-Shéng (7), p. 79, his biography is in Sung Shih, ch. 449, p. 245. He had been a 
judge in Chhichow. 

> Hiin-Siu Chhi САМ Lu, p. 3 © Ch. 2. pp. 162,174: 2 Рр. 304 f£. below. 

e Hsing Chita Hsi Chit, foc. ae б Hiin-S:u Chhi САМ La, р. 2. ® Hsin-Ssu Chit Chii La, p. 23. 

Е This was no doubt for filling, perhaps also to admit the fuse, bur one wonders how the mouth was closed 
so that the casing would break rather chan blow i£ open. 

* (Y pp. 51,57, 58. 

One officer. Chia Yurig!5, was blinded. in an explosion. which also wounded half a dozen other men. 

* Hiin-Siu СЫН Chkth-La, pp. 20-5. Goodrich & Feng (1). p. 1:7 signalled this development, remarking very 
jusdy. on the alacrity with which the Chin Tartar military took up new war devices and inventions, not least in 
connection with gunpowder. 
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The first appearance of chen thien lei (thunder-crash bomb) as a technical term 
seems to occur just ten years later, in +1231, when the Chin Tartars were them- 
selves in turn besieged in a city in Shansi by Mongol forces. A Chin general, 
Wanyen E-Kho!, was in command at Ho- chung?,* when his defences were over- 
run by the Mongolian army. So 


he escaped in ships with three thousand of his men (down the Yellow River). The Mon- 
gols pursued them along the northern bank with clamour and uproar of drums, while 
arrows and stones fell like rain. Now several й away a Mongolian fleet came out and 
intercepted them, so that they could not get through. But the Chin ships had on board a 
supply of those fire-bombs called ‘thunder-crash’ missiles, and they hurled these at the 
enemy. The flashes and flames could distinctly be seen. The Northerners had not many 
troops on their barges, so eventually the Chin fleet broke through, and safely reached 
Tung-kuan.” 


Thus the cast-iron explosive bombs were here used in a naval battle between the 
Chin and the Yuan. 

The following year, +1232. saw the siege and capture of the Jurchen Chin 
capital, Khaiféng, by the Mongols. The Chin Tartars had held it only a little 
over a century since they had taken it in their turn from the Chinese dynasty of 
the Northern Sung. Now the investing troops of Ogétai were commanded by the 
ferocious general Subotai’, while the defence was organised by the more 
technically-mined Chhihchan Ho-Hsi*, In the Chin Shih we read: 


Ámong the weapons of the defenders there was the heaven-shaking thunder-crash bomb 
(chen thien lei). It consisted of gunpowder put into an iron container (thieh &uan?); then 
when the fuse was lit (and the projectile shot off) there was a great explosion the noise 
whereof was like thunder, audible for more than a hundred /i, and the vegetation was 
scorched and blasted by the heat over an area of more than half a mou. When hit, even 
iron armour was quite pierced through. Therefore the Mongol soldiers made cowhide 
sheets to cover their approach trenches (niu phi tung®) and men beneath the walls, and 
dug as it were niches (Айал?) each large enough to contain a man, hoping that in this way 
the (Chin) troops above would not be able to do anything about it. But someone (up 
there) suggested the technique of lowering the thunder-crash bombs on iron chains. 
When these reached the trenches where the Mongols were making their dug-outs; the 
bombs were set off, with the result that the cowhide and the attacking soldiers were all 
blown to bits, not even a trace being left behind. 

Moreover, the defenders had at their disposal flying-fire spears {fei huo chhiang?). 
These were filled with gunpowder, and when ignited, the flames shot forwards for a 
distance of more than ten paces, so that no one durst come near, 

These thunder-crash bombs and fiying-fire spears were the only two weapons that the 
Mongol soldiers were really afraid of. 


* Mod. Yung-chi. 
° Chin Shih, ch. i 
ch SUR В. 16 DV 





ize. CL Che Shih, ch. 7, p. 165, Yaan Shih, 
erpreted the chunder-crash bombs as cannon. 
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Thus in this graphic passage we can see the Chin Tartars using both explosive 
cast-iron bombs and incendiary gunpowder flame-throwers or fire-lances, this 
last an important development to which we shall shortly return (p. 220). It did 
not save them from the fall of the city and the virtual collapse of their dynasty. 
Destruction was due anyway for many other reasons, but we need not visualise 
the bombs as being so effective and reliable as modern weapons of the same 
kind; probably they often failed to go off, or even exploded prematurely. All 
the same, it was a famous defence, and worthy of note in any world military 
history.* 

This passage has been the property of Western historians for nearly two and a 
half centuries. It would hardly be expected that eighteenth-century writers 
would have been very clear about the nature of the weapons used,” but in 1849 
St Julien (8) gave a full translation of the passage.° He appreciated in principle 
the explosive character of the bombs,‘ but supposed the fire-lances to have been 
rockets.‘ Commenting on this, Reinaud & Favé (in whose long paper it was first 
published) / concluded that the bombs were essentially incendiary, though they 
did not rule out altogether a true explosive petard, the iron casing of which 
would shatter. As for the fire-lance, they accepted St Julien’s interpretation of it 
as a rocket. Later on, Schlegel (12) understood the passage up to a point, but for 
a reason which will appear in a moment (p. 179), thought wrongly that the 
weapons were cannons, a mistake in which he was joined afterwards by Lu 
Mou-Té; though fully rectified by Pelliot (49, 59). Although Reinaud & Favé 
had been quite right in denying that the Khaiféng weapons were cannons," their 
assertion that the propellant property of gunpowder was then quite unknown, is 
today more dubious, for we have already found huo thung! (metal-barrel guns or 
proto-guns) among the stores of Chhichow in +1221 і Perhaps the first person to 
state almost correctly the nature of both the Khaiféng weapons was Mayers in 
1870, who gave quite a good translationJ Such are the vicissitudes of the history 
of technology. 

Another eye-witness account comes from the pen of Liu Chhi?, a scholar of the 


^ Background and general description in Cordier (1), vol. 2, pp. 23: Є, 236 F. 

^ Eg. Gaubil (12), pp. 68 f. in 1739; de Mailla (1), vol. 9, pp. 160 ff. in 1777. 

© Using the closely similar version in the Thung Chien Kang Mu, pt. 3 (Asi), ch. 19, p. 508. 
4 But he thought that they raised themselves automatically into the air. 


Later on Romocki (1), vol. 1, pp. 47-9, erred in a similar way, accepting the rockets though regarding the 
bombs, more firmly than Reinaud & Favé, as truly explosive missiles. 
(2), pp. 288 ff. 
* (1), p. 32- 
^ (2), p. 292. 


i We shall explain more clearly the development of guns and proto-guns from fire-lances and co-viative 
projectiles оп pp. 248 Ё. below. 

i [t made more of fire than explosion, but his commentary shows that he understood well what was 
happening, (6), p. 91. Goodrich & Féng (1), p. 117, were also fairly sound on the matter, but provided no 
details. 
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Jurchen Chin realm. In his book of reminiscences, the Kuei Chhien Chih', he 
afterwards wrote:* 


The army of the Northerners (the Mongols) then attacked the city (of Khaiféng) with 
their trebuchets.... The assault became more and more fierce, so that the trebuchet 
stones flew through the air like rain. People said that they were like half-millstones or 
half-sledgehammers. The Chin defenders could not face them. But in the city there were 
the kind of fire-missiles called *heaven-shaking thunder-crash bombs’, and these were at 
last used in reply, so that the Northern troops suffered many casualties, and when not 
wounded by the explosions were burnt to death by the fires that they caused.... 

All the people in the city were conscripted into a Home Guard called the Fang 
Chhéng Ting Chuang?. An order was issued to the effect that any man who remained at 
home would be summarily executed. Even the scholars and students in the Academy 
were drafted as soldiers. The students petitioned to have a University Guard formed, to 
be called Thai Hsüeh Ting Chuang?. But a discussion at court decided that the bookish 
gentlemen were too weak for the hard work involved in being bomb-throwing artillerists 
(phao fu^). So they appealed to the emperor himself, but his decision was that they 
should all be given desk jobs in the Ministry of the Interior (Hu Pu?), and thus in the 
end they were spared the painful labour of the artillerists. ... 


This suggests that the Chin Tartar State could command a certain patriotism 
before it was overwhelmed by the Mongolian power. 

A few years later, when the Chin State was at its last gasp a commander 
named Kuo Pin? found himself in + 1236 defending a city called Hui-chou’. He 
commandeered all the metals that could be found, including gold and silver, 
copper and bronze, as well as iron, for making the explosive bomb-shells;^ but it 
was all to no avail, and eventually the last pockets of resistance surrendered to 
the all-conquering Mongols. 

Next in line, of course was the Southern Sung, and next we have to look at the 
warfare between them and the Mongols. In +1257, before the campaigns began, a 
meritorious official, Li Tséng-Po*, was gravely disturbed at the lack of prepared- 
ness in the arsenals of Ching? and Huai", near the border with the Mongols in 
the north. In his Kho Chai Tsa Kao, Hsü Kao Нои" he recorded his complaints, 
and they concern us because of the fire-weapons he enumerated. He began by 
saying that the armour was rusty and the munitions decayed, and that repeated 
requests to the court brought no results. ‘For every ten items we ask for, the 
Arsenals Administration? sends only one or two.’ 


а Ch. 11, p. за, b, tr. auct. 

5 Chin Shih, ch. 124, p. 156, Yuan Shih, ch. 121, p. 104, discussed in Féng Chia-Shéng (7), p. 81. 

* Ch. 5, p. 52a, tr. auct. The full text is given by Féng Chia-Shéng (7), р. 66; cf. (6), рр. 21-2. 

3 The National Arsenals Administration had been set up in +1073 as the result of an important memorial 
by Wang Fang!? two years earlier. He was the son of the famous politician Wang An-Shih??, and himself a 
meritorious scholar and thinker. See Williamson (1), vol. 1, pp. 258-9, 276, vol. 2, pp. 251 ff. 
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As for the weapons for attack by fire (he went on], there are (or should be) several 
hundred thousand iron bomb-shells available. When I was in Chingchow they were 
making one or two thousand of them each month, and they used to despatch to Hsiang 
(-yang) and Ying(-chou)* ten or twenty thousand a time. Yet now at Chingchiang we 
have no more than 85 iron bomb-shells, large and small, 95 бге-аггомѕ,? and 105 fire- 
lances (uo chhiang'). This is not sufficient for a mere hundred men, let alone a thousand, 
to use against an attack by the (Mongol) barbarians. The government supposedly wants 
io make preparations for the defence of its fortified cities, and to furnish them 
with military supplies against the enemy (yet this is all they give us). What chilling 
indifference! 


This was not a very inspiring overture to a war against foreign enemies, but for 
us it does give an insight into the industry making explosive bombs.‘ 

All the same, when it came to the crunch, the Sung armies seem to have been 
not too badly provided: Between +1267 and +1273 came the epic siege of 
Hsiang-yang on the Han River by the Mongols, about which we have already 
had something to say in connection with paddle-boat warships.’ For it was by 
the use of a hundred of these that two gallant Sung officers, Chang Shun? and 
Chang Kuei’, organised a relief convoy which successfully re-provisioned the 
city, though both were themselves killed, one on the way in and the other on the 
way out. We saved the gunpowder material until now, however, and here is 
some of it. The first passage refers to Liu Hsien-Ying*, who was fighting on the 
side of the Mongols, attacking l'an-chhéng, the twin city across the river. 


Outside Fan-chhéng [the stele inscription says]* there were defences called Tung-thu- 
chhéng? (eastern earthen walls), and the commanding general ordered that these should 
be stormed. Having raised a scaling ladder, and being the first to climb on it, Mr Liu 
received a serious wound from a bomb-shell in the left thigh, but in spite of this he went 
on fighting fiercely, and the defences were taken... 

After Hsiang-yang had been under siege for some time, there was a shortage of food 
inside. So ‘Shorty’ Chang, the Chief of Staff (Ai Chang Tu-Thung?), secretly organised a 
relief convey of ships to bring in provisions.... But Mr Liu caught a spy and obtained 
intelligence as to the day. when (the convoy) would come, so an attack was planned for 
the moment when the ships would be just half-way. Then bomb-shells were thrown with 
great noise and loud reports, and our (Mongol) army attacked (the ships) fiercely for a 
space of more then 30 i. On the ships they were up to the ankles in blood, and ‘Shorty’ 
Chang, the Chief of Staff, was captured alive. 


^ Mod. Chung-hsiang in Hupei: 

» Possibly rockets by this date, cf. pp. 472 H. 

O Goodrich & Féng (Y), p. 1x8, were so impressed with this passage, which they gave in partial translation, 
that they said it was ‘surprising, indeed almost incredible, information’. 

4 Vol. 4, pt. 2, pp. 423-4. | 

* From Liu Hsien-Ying pei’, recorded in Shan Tso Chin Shik Chi, ch. 21. p. 29b, tr. auct. Mr Liu's biogra- 
phy is in Puan Shih, ch: 162, p. 185. 
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This was certainly Chang Kuei, who commanded the vanguard of ships. But 
what is important for the historian is that both sides were now using iron bomb- 
shells. Mr Liu might have been burnt by a fireball, but would hardly have been 
seriously wounded, as by an iron bomb-fragment; while incendiary gunpowder 
might have set the Sung ships on fire, but would not have done so müch damage 
to their men. Let us continue in the words of the Sung dynastic history. Early in 
the siege there were swimmers who left the cities to get salt and firewood, but 
many of these were captured, after which the siege was tightened, and a price 
put on the heads of dead Sung soldiers-—then came the relief convoy of the two 
Changs in +1272. The Sung Shih says? 


Since the Han River was the only way of deliverance (for the garrison), one hundred 
(paddle-boat) ships were assembled at a point below Thuan-shan, and after a couple of 
days they entered Kao-thou-kang harbour. Then (after loading) they took up a rec- 
tangular formation, every ship being equipped with fire-lances (Auo chhiang!), trebuchets 
and bombs (hue phao^), burning charcoal (chhih than’), large axes and heavy crossbows. 
When the night had worn on three quarter-hours by the water-clock, the fleet hoisted 
anchor and sailed out into the river using red lamps as signals. (Chang) Kuei led the 
van, and (Chang) Shun commanded the rearguard: so with a following wind they 
breasted the waves, making straight for the enemy ahead, When they got above Mo- 
hung-than, there were the ships of the northerners (the Mongols) stationed right across 
the river, with no gap where they could get through. So taking advantage of their arma- 
ment, they cut right through the iron cables (thieh Astian*) and tore out several hundred 
stakes (tswan i"), and sailing on they fought an energetic rearguard action for 120 / until 
dawn, when they reached the waters beside Hsiang-yang. 


Here the historian will be interested in the bombs and the fire-lances, but one 
can see how Chang Kuei and his ship came to be captured.” This was, of course, 
the siege in which the Mongols employed the counterweighted, or ‘Muslim’ 
trebuchets for the first time (cf. рт. 6 Cf) 5 above). 

At the risk of a surfeit of battle accounts, just one more must be given before 
we return to technological description. In +1277 the Mongols mounted a great 
campaign against the remaining Sung resistance in Kuangsi; their army was led 
by a Uighur Muslim artillery general in the Mongol service named A-Li-Hai- 
Ya", while Ma Chi’, the Sung general, attempted to oppose him. But he was 
outflanked and had to fall back upon the provincial capita! Kweilin. After a 


siege of more than three months, the main Sung garrison gave in, but Ma and a 








* Gh. aso, p. зе, tr. auct. Other sources include САЯ Tung Yeh Үй, chi. 18, p. тта, 6, Sung Chi Son Chhaa Chéng 
Yao; ch. 4, pp. 54, ба; Chao Chütig La. pp. 124-135; Kiei Hsin Tsa Chih, Piek Chi, ch. 2, p. 394. b, 

* Lo Mou-Té (1). p. з: and Wang Ling (1), p. 170, both knew of this famous exploit, but both supposed 
that the weapons on the Sung ships were guns, Goodrich & Féng (1), p. 118, got this right, bur at first took the 
counterweighted trebuchets to be some kind of cannon. The texts are in Féng Chia-Shéng i1), pp. 67, 70; cf. 
165, p. 23. 
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brigadier of the name of Lou Chhien-Hsia! continued to defend one of the demi- 
lunes with some 250 men. Finally:* 


Lou, coming to the top of the wall, shouted out ‘Our soldiers are so hungry that we have 
not (the strength to) come out and surrender; but if you will give us food we will listen to 
your commands’. So several oxen and a number of bushels of rice were given to them. 
One of the officers opened the gate, and taking in the food shut it again. (Some of) the 
enemy then got up on to the city walls, and saw the (Sung) soldiers dividing the rice and 
slicing up the meat. Before the cooking was finished they ate it all. Then the sound of 
horn and drum was heard, so that the (Mongol) commanders, thinking that fighting was 
going to begin again, put on their armour and made ready. But (suddenly) Lou ordered 
his men to set off an (enormous) bomb (huo phao*). The noise was thunderous, accompa- 
nied by something like an carthquake; the city wall split in twain, and the smoke and 
dust filled the heavens. The foreign (Mongol) soldiers were terrified, and many of them 
were killed. When people came near to look, after the fires had died down, there was 
nothing left but ashes. 


This was evidently no grenade," but rather something approaching a land-mine, 
able to destroy so many people. Consequently it leads naturally to the next 
sub-section, on land- and sea-mines, reasonable here because we have detailed 
descriptions from only a century later. But first we must look at the only illustra- 
tion of a +13th-century bomb-shell which has come down to us, and also tell 
the story of a man who found some of the shells still remaining in +1522. Then, 
after viewing the bomb descriptions of the Ming, land-mines will be on the 
agenda. 

Fig. 20 shows the only surviving picture of a t 13th-century bursting bomb- 
shell that has come down to us, assuredly the thunder-crash bomb or chen thien 
lei? of earlier China. It is taken from a horizontal scroll or makimono of paintings 
and text, entitled Moko Shirai Ekotoba^ (Illustrated Narrative of the Mongol In- 
vasions of Japan), done by some unknown master in +1293 to illustrate the 
adventures of a nobleman named Takezaki Suenaga.? It shows Takezaki him- 
self on the right, with his badly wounded horse falling under him,* while on 
the left stands a Mongol archer missed by Japanese arrows. Between them 
there is a bursting bomb-shell the comet-like tail of which suggests that it 
had come from the right, i.e. the Japanese side, yet since it was the Mongo- 
lian army alone which used these thieh huo рћао it must have come from the 
left, and happens to be throwing the flame of its burst forwards. Since the 


a Sung Shih, ch. 451, p. 6a, b, tr. auct. 

^ As was thought by Chavannes (22), who gave otherwise a good account of the incident of suicide rather 
than surrender. Cf. Mu An Chi, ch. 21, p. 13a. 

с A caption says that this part of the painting was done by Takezaki himself. 

3 Ch. 1, pp. 255, 26a. 
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event occurred so short a time before, in +1274, the drawing has a considerable 
authenticity.* 

Neither caption nor narrative has anything to say about the letsuAó! ^ but there 
are texts which do, notably the Hachiman Gudõkun (Tales of the God of War told 
to the Simple), an anonymous work of the -- r4th century, which nevertheless 
agrees closely with the account of the battle in the scroll. Here we can read the 
following account of the incident: 


The commanding general kept his position on high ground, and directed the various 
detachments as need be with signals from hand-drums. But whenever the (Mongol) 
soldiers took to flight, they sent iron bomb-shells (tetsuho) flying against us, which made 
our side dizzy and confused. Our soldiers were frightened out of their wits by the 
thundering explosions; their eyes were blinded, their ears deafened, so that they could 
hardly distinguish east from west. According to our manner of fighting, we must first call 
out by name someone from the enemy ranks, and then attack in single combat. But they 
(the Mongols) took no notice at all of such conventions; they rushed forward a together 
in a mass, grappling with any individuals they could catch and killing them.? 


This was the expedition led. by the Mongol general Hu-Tun^ which landed at 
Hakata in Kyushu.* There is independent evidence from the Chinese side that 
iron bomb-shells were used in these engagements. The Mongols did so again in 
the second invasion, in +1281, at Sekiura, under the command of the Chinese 
admiral Fan Wén-Hu*, who had apparently asked Khubilai Khan for the ser- 
vices of Uighur or Muslim counterweighted trebuchet engineers, and been re- 
fused, the emperor seeing no use for them in naval warfare.* We need do no more 
than refer to the often-quoted parallel between these Mongol expeditions and 
the Spanish armada three hundred years later, both broken up by storm and 
gale not without energetic resistance by the island nations in question. At all 
events, the picture in Takezaki's scroll is a precious heritage for historians of 
technology. 

Lastly, there are the words of a scholar who actually saw iron bomb-shells 
dating a couple of centuries back, dumped on the walls of a great city. This was 


? Attention was drawn to it long ago by Arisaka Shozo is}, and it has since been discussed at length by 
Arima Seiho (1), pp. 86 f, Nambo (7), p. 4:0. The picture was v Rat reproduced with Western-language com- 
mentary by Goodrich & Féng (1), opp. E 1 5 and on p. г20 (but they surmised that the projectiles were solid 
iron cannon-balls) and by Wang Ling (1), p. 175'(but he took them to be explosive shells fired from. cannon). 
There is à paper on the whole makimano by Fischer-Wierzuszowski (1). 

> ‘There is a lot of orthographic variation in the different Japanese texts and éditions, but this is the most 
interesting form. In Chinese, pronounced pao, it meant a plane or a curry-comb, if phas, a brush. 

* Gurisho Ruiji collection, ch. 13; pp. 328. (ch. 1, p. 467). We offer grateful thanks to Dr Чакка Tetsuro 
for fiis interest and help with the translation. 

4 Cf. parallel accounts in Taiheki *, ch. 39 (p. 881), a monastic chronicle of about 1370. 

* For a general account of the two expeditions see the hook of Yamada Nakaba {1}. Khubilai thought ot 
mounting a third one, in + 1288, Баст never came off. 

f Documents assembled by Kho Shao- Min (7) in his Hsin Yuan Shit, ch. 250, pp. ба, 80, да, 115. Fan's 
biography is in ch. 175, р. 185. 

z We have already seen examples of their use on shipboard, pp. 81, $9 above. 
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in +1522. Ho Méng-Chhun! afterwards wrote as follows: 


In the spring 1 was sent to Shensi, and there at Sian? on the city wall I saw some old 
cast-iron bomb-shells, of the kind that were known in former times as ‘heaven-shaking 
thunder- crash’ bombs. In shape they were like two bowls that could be joined together 
(ho шап?) to make a ball, and at the top there was a small hole the size of a finger. These 
things are not used by the army now, but I am sure that it was one of the weapons used 
by the Jurchen Chin people when defending Khaiféng (against the Mongols}. 


This was a satisfying observation, though one wishes that a few had been saved 
from the scrap-iron merchants for the benefit of military museums today. 
Curiously, it was this passage which gave rise to a classic misunderstanding. Ho 
Méng-Chhun's words were supposedly quoted in Thang Shun-Chih’s? Pai Pien* 
encyclopaedia of +1581, whence they found their way into the Ko Chih Ching 
Yuan of +1735,° and so to Schlegel (12) in 1902. Somewhere along the line the 
double bowls were corrupted to ‘double rollers’ (Ло 150?) and this led to 
Schlegel's ‘closed rollers’, which dominated the literature for some time, since he 
was determined to prove that the heaven-shaking thunder-crash weapons were 
in fact cannon. It took Pelliot (49, 59), as so often, to put the matter right. The 
deceptiveness of the situation lay in the fact that just during the hevdav of cast- 
iron bomb-shells, metal-barrel guns and cannon were in fact arising, as we see 
elsewhere (pp. 23, 170 above, pp. 304 below). But it takes many years to un- 
ravel these tangled skeins of history which the centuries have confused. 

As for the inevitable comparison with Europe, we have now seen that it is 
possible to trace back the use of cast-iron bomb-shells and grenades in China to 
+1221, and they must have been coming into regular employment about the 
beginning of that century." But the first date for hollow iron bomb-shells in 
Europe appears to be +1467, when they were used by the Burgundians in their 
wars." Thus like all the other gunpowder weapons there is a lag of a couple of 
centuries at least between their first appearance in China and the earliest dates 
for them in the West. Judging from Romocki's account of the Bellifortis of Kön- 
rad Kyeser, written about +1410, the Europeans repeated the Chinese experi- 
ence in having casings of different strengths for their bombs.‘ 

It now remains only to take a look at the descriptions of bombs in the 14th 
century and later, seeing how the weak-casing devices (phi li phao) and the 
stroang-casing ones (chen thien lei) had developed by those times. The best source 
is the Hua Lung Ching (Fire-Drake Manual) which refers to the techniques in use 





^ Ya Tung Hsü Lu Tsé Chhuo Wai Phien, p. Ir, tr. айс 

^ Chhang-an, of course, in J/Chin times, as in Han. 

< Ch. 42, p. 274, b. 

а P. 16g above. 

Johannsen (3), p. 1464; (4). p. 273: Partington (5). qr. i27 gives an earlier 

His other references are to cast-iron shells, which is rather a diferent matter. 
© {ih vol. 4; р. So, figs. 23-21. 
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about +1350, when the Ming were about to take over from the Yuan, but the 
descriptions and illustrations continue to be repeated, with the wording often 
copied verbatim, in later compendia such as the Ping Lu of +1606 and the Wu Pei 
Chih of +1621, by which time some of them must have become rather archaic 
weapons.* Let us begin with the strong-casing bombs and grenades, then pro- 
ceed to the weak-casing maroon-like devices, giving a couple of translations for 
each. 

Thus first we encounter the ‘bone-burning and bruising fire-oil magic bomb’ 
(lan ku huo yu shen phao!).^ The caption (see Fig. 21) says: 


For this bomb you take tung oil, urine (yin Asiu?),? sal ammoniac, faeces (chin chil?) d 
scallion juice, and heat them so as to coat a lot of iron pellets (thieh sha*)* and bits of 
broken porcelain. Then fill in (with a gunpowder core) to a casing of cast iron making a 
fragmentation bomb (shéng thieh chu hsiao tzu phao?). When it bursts it breaks into pieces 
which wound the skin and break the bones (of enemy soldiers) and blind their eyes. 
Even birds flying in the air cannot escape the effects of the explosion. 


Here, as we shall see in other cases, the object was to mix poisonous and other 
deleterious materials with the gunpowder, so that the explosion would produce 
effects other than mechanical; but how far the organic materials would survive 
the heat of the detonation and produce the desired effects when dissipated in the 
smoke could only be tested by experiment. Another specification was for the 
*magic-fire meteoric bomb that goes against the wind' (/suan féng shen-huo liu-hsing 
phao) The instructions (see Fig. 22) say: 


One uses cast iron to make a round ball, and one packs into it ‘poison gunpowder’ (tu 
huo”), ‘flying gunpowder’? (fei Кио?) ‘blinding gunpowder” (fa Auo®), and ‘bruising and 
burning gunpowder’) (lan huo'9). Then you use hard wood to make a core (ma!!). On each 
side of it there are two holes for fuses, four altogether, which lead in from the outside, 
and another which is wound round and round inside. All are wrapped in alum-saturated 
paper (to keep them dry). This bomb can be made so large that it takes draught animals 
to carry it about, or so small that it can be thrown by hand. 


* Especially when one remembers that the metal-barrel gun and cannon using the propellant force of 
gunpowder was developing through the + 13th century, and complete before its end. 

^ Huo Lung Ching, pt. 1, ch. 2, p. 5a, b; Ping Lu, ch. 12, p. 135, tr. auct. Cf. WPC, ch. 122, pp. 195, 204. 

© This elegant designation of ‘silver rust’ was probably derived from the yellow film of sulphide characteris- 
tic of unpolished silver. . 

3 Lit. ‘golden juice’. * Oriron filings. 

© HLC, pt. 1, ch. 2, p. 7а, b, Hsiangyang ed., Huo Chhi Thu, р. 125, tr. auct. 

* Composition given in pt. 1, ch. 1, pp. 6a, b, 7a; it contains arsenicals, vegetable poisons (aconite, croton) 
and animal poisons (cantharides, toad venom), etc. 

^ Composition given in pt. 1, ch. 1, p. 75; it contains powdered soap-bean and gingko leaves. 

* Composition in pt. 1, ch. 1, pp. 76, 8a; soap-bean, arsenicals and resin. It is interesting that soap-bean 
was still used after so many centuries, cf. p. 125 above. 

і Composition in pt. 1, ch. t, р. 84; iron pellets or filings, sal ammoniac, tung oil, and tiger-hunting poison. 
On this last see the indispensable paper of Bisset (1). All these compositions need further investigation. 

* Or perhaps rather ‘to carry it into action’; cf. p. 213 below. 
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Fig. 21. The ‘bone-burning and bruising fire-oil magic bomb’ (lan ku huo yu shen phao), from HLC, pt. 1, ch. 2, 
р. 5а. 
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Here the purpose of the core is not obvious, unless it was to act as a spout for the 
flames of the low-nitrate gunpowder pending the explosion of the high-nitrate 
mixture.? But the same principle is involved, that of mixing poisonous materials 
together with the saltpetre, sulphur and charcoal. Lastly, we may mention the 
‘dropping-frorn-heaven bomb’ (thien chui phao!) ^ seen in Fig. 23. It is described 
as about the size of a bushel measure, and intended to be hurled up very high 
into the air, presumably by a trebuchet or an arcuballista, whence it should land 
on the enemy camp, preferably during a dark night. The enemy soldiers then fall 
to killing each other in their alarm. The sound of the explosion is like thunder, so 
a metal casing is to be supposed, and the bomb contains dozens of incendiary 
packets {huo khuai*) which are scattered in all directions. 

Turning now to the weak-casing bombs deriving from the phi li phao, there is 
first the ‘bee-swarm bomb’ (chhiin féng phao?).* The description (see Fig. 24) says: 


Bamboo strips are woven into the shape of a ball and pasted round with forty or fifty 
layers of thick paper, then dried in the sun. Afterwards it is wrapped up further in fifteen 
layers of oiled paper. Make an opening in it and fill it with 2 Ib. of gunpowder, and half a 
pound of iron calthrops, putting in also several dozen flying-swallow poison-fire gun- 
powder ( fei yen tu huo*) fire-crackers made of paper.* This bomb has a very strong power, 
for not only can it hit the enemy personnel (with the objects), but also when the flying- 
swallow fire comes forth it can stick to their persons and still burn. It can also set fire to 
the sails of enemy ships and burn fiercely; but it can be extinguished with water.* 


This then was a projectile of fairly primitive type, primarily incendiary rather 
than bursting a metal case into fragments,” Our second example comes from a 
different source, the Thien Kung Khai Wu of +1637 (Fig. 25). Itis the well-known 


+ The quantities are not always given in the composition formulae, only the constituents. 
^ HLC, pt. 1, ch. 2, p. (2a, 6, Hsiangyang ed., p. 15a. 
ALC, pt. t, ch. 2, p. да, &, Hsiangyang ed. p. 1 35. ir. auct. 
* The composition of this does not appear to be given in LC, but it was probably similar to the others. 
* Avery similar tvpe of bomb, the 'great bee-hive {ta feng wo*) is described in Chou Chhing-Yuan's? Hsi Hu 
Erh Chi? (Second Collection of Docamen ts about West Lake at Hangchow and its Neighbourhood), ch. 17 (p. 
325). This occurs in a piece of much interest, one of the few which describe gunpowder weapons (with illustra- 
tions? apart fram the military compendia. It is entided Liu. Ро- Ио Chien Hsien Phing Chê -Chung®, ‘On the 
Pacification of Central Chekiang Province by the Able Officers recommended by Liu Po-Wén', and it refers to 
that remarkable military commander and scholar of scientific and technological interests, Liu ‘Chi’, whom we 
have already several times encountered (cf. pp. 25). He was of great assistance to Chu Yuan-Chang in coa- 
quering the empire for the Ming, Liu's campaigns in Chekiang were conducted between +1340 and +1350 
against both the inland rebels under Hsti Shou-Hui!? and the coastal pirates under Fang Kuo-Chen!', who 
continued. to rule the province, siding sometimes with the Yuan and sometimes with the Ming, until * 1367. 
Liu was therefore acting at the time as a Yuan official. But the designs for bomba, fire-lances and rockets. must 
certainly go back to +1340, so we should be grateful to Chou for preserving the document about +1620. For 
our knowledge of this interesting survival we are indebted to Dr Lin Yü-Thang in 1954. 
E The projectile was evidently meant to be hurled like a grenade by means of a дор of rope used as a 
handle. 
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passage on the bomb called ‘match for ten thousand enemies’ (wan jen ti!) ^ Sung 
Ying-Hsing says: 

(When attacks are made upon) the walls of small cities in remote prefectures; if the 
available guns (phao^j? are too weak to repulse the enemy, then bombs (Auo phao?) should 
be suspended (i.e. dropped) from the batilements; if the situation continues to worsen, 
then the ‘match for ten thousand’ bomb should be employed. This recently developed 
weapon can be used according to the circumstances, and unlike the previous one, it can 
be thrown in any direction. The saltpetre and sulphur in the bomb, on being ignited 
(explode), and blow many men and horses to pieces in an instant. 

The method is to use a dried empty clay ball with a small hole for filling, and in it are 
put the gunpowder, including sulphur and saltpetre, together with "poison gunpowder’ 
(tu huo*) and ‘magic gunpowder’ (shen huo”).® The relative proportion of the three gun- 
powders can be varied at will. After the fuse (yin Asin?) has been fitted, the bomb is 
enclosed in a wooden frame. Alternatively a wooden tub, coated on the inside with the 
sort of clay used for tmage-making, can be used. It is absolutely necessary to use the 
wooden framework or the tub in order to prevent any premature breakage as the missile 
falls (until the gunpowder explodes}. When a city is under attack by an enemy the 
defenders on the walls light the fuse and throw the borab down. The force of the explo- 
sion spins the bomb round in all directions, but the city walls protect one's own men 
from its effects on that side, while the enemy's men and horses are not so fortunate? This 
is the best of weapons for the defence of cities. It is important that those who have 
charge of such affairs should realise that the understanding of gunpowder and the know- 
ledge of the construction of fire-weapons come from human ingenuity, so that those con- 
cerned may have to take as much as ten vears to master it all. 






Sung Ying-Hsing was no army man, one feels, otherwise he would hardly have 
described such an archaic weapon with so much enthusiasm, but in the back- 
blocks it may well have been used still at the end of the Ming. A rather similar 
device described in the Huo Lung Ching two or three centuries earlier was the 
'lying-sand magic bomb releasing ten thousand fires’ (wan huo fei ska shen phao^)* 
seen in Fig. 26. Here a tube of gunpowder was put into an earthenware pot 
containing quicklime, resin and alcoholic extracts of poisonous plants, all to be 
released by the explosion; this was thrown down from city-walls, recalling the 
lime bombs of Үй Yün-Wén's naval victory (p. 165 above)" Another of the 


* Ch. t5, рр. 85, да, 125, 13а, Ming ed. ch. :5. 
pp. 276—7: Li Chhiao-Phing (2), pp. 395-6. 

* By this time the ancient word undoubtedly meant metal-barrel cannon, as is evident from the adjacen: 
itlustrations. 

© The former composition is the same as that already given; the latter is in ALO. pt. i, ch. 1, p. ба, and 
included arsenicals, roxa, resin, croton and gingko leaf powder. 

5 There may have been some arrangement here sirailar to the saxous, tourbillons or Chinese flyers of the 
pyrotechnic world (cf. p. 141 above}, but it is probably more likely that Sung Ying-Hsing had never seen ane of 
these bombs g off, and was drawing on his imagination. Cf. Sun Fang-To (1). 

© HLC, pv n ch. 2, p. ба. 5; PL, ch. fa, p. 14a. 5. 

E Quicklime was still part of the standard equipment for for 
in the course of his inspection of the Tinghal redoubts take 
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Fig. 26. The ‘flying-s e magic bomb releasing ten t thousand fires’ (wan huo fei sha shen phao), from ALC, pt. 1, 
bs used in naval 


ch. 2, p. 6a. A weak-casing device reminiscent of Yü Yün-Wén's +12th-century lime bom 
combat. 
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same kind was the ‘wind-and-dust-bomb’ (féng chhen phao')* of Fig. 27. Many 
more could be discussed, but this should be sufficient to show that the parallel 
traditions of weak-casing phi li phao and strong-casing chen thien lei continued 
down to the latter part of the +17th century and the beginning of the Chhing.^ 

One gets an interesting sidelight on this from the book of Juan Mendoza, 
written in +1585 and translated into English by Robert Parke three years later. 
Speaking of the Chinese soldiers, he says: 


These footmen be marveillous full of policie, and ingenious in warlike or martiall 
affaires: and although they have some valor for to assalt and abide the enemie, yet doo 
they profite themselves of policies, devises and instruments of fire, and of fire workes. 
Thus do they use as wel by land in their wars as by sea, many bomes of fire, full of old 
iron, and arrowes made with powder and fire worke, with the which they doo much harm 
and destroy their enimies.... 


Here no doubt are references to fire-lances with co-viative projectiles, possibly 
also to rockets, as well as to the ‘bombs’ with casings weak or strong. In due 
course we shall discuss them all (pp. 220 and 472 below). 

In fact their longevity was even greater than this. During the war of 1856-8, 
when the ‘red-haired barbarians’ (i.e. the British Navy) were attacking the 
Bogue Forts and the city of Canton,? Admiral Sir William Kennedy was a mid- 
shipman, and his subsequent account of the proceedings, written fifty years la- 
ter, can be read in his rather jingoistic autobiography, full of period flavour. 
What he says is of considerable technological interest.* 


The Chinese were fully prepared for us; the junks lay broadside on, with their guns run 
out on one side, springs on their cables to keep their broadside bearing, and ‘stink-pots’ 
at the mast-heads. These offensive weapons are worthy of description. The stink-pot is 
an earthenware vessel filled with (gun)powder, sulphur, etc. Each junk had cages at the 
mast-head, which in action werc occupied by one or more men, whose duty it was to 
throw down these stink-pots on to the decks of the enemy, or into boats attempting to 


* HLC, pt. 1, ch. 2, p. 11a, b, Hsiangyang ed. p. 145. The vase shape of the container is worth noticing here, 
for it may have been this which gave to the carliest cannon-founders the idea of making guns in this form, 
thickening the walls round the explosion-chamber. 

> There is an interesting illustration of bombs in the Thai Tsu Shih Lu?, a work which we shall study more 
carefully later on (p. 398 below) because of the rich information it gives concerning the Chinese field artillery 
about +1620. The book recounts the exploits of Nurhachi (d. +1626), the Manchu prince afterwards regarded 
as the principal ancestor of the Chhing dynastic house. In Fig. 28 we see the siege of Ningyuan? in + 1626, with 
Ming bombs bursting on the roofs of each of the Manchu assault ladders, Although they do not look as if they 
were doing much damage, this siege was in fact one of Nurhachi's few failures, and the city was held for the 
Ming by its gallant commanding general Yuan Chhung-Huan*. Note that by now the Manchus themselves are 
firing muskets from behind mobile ramparts. 

© (1), ch. 6, p. 65 (+1588 ed.), p. 88 (Hakluyt Soc. ed.). 

3 This was the ‘Arrow’ war, so named from the pirate lorcha which precipitated it; the Anglo-French 
incursion which led to the treaty system. On the general background see Fairbank (4), pp. 243 £; Wakeman 
(2). 

€ Kennedy (+), p. 43. Later in his book he gives a translation of a proclamation by the Governor of Liang- 
Kuang which includes detailed instructions about the management and use of the stink-pots (pp. 65 ff., 67). 
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Fig. 27. The ‘wind-and-dust bomb’ ( féng chhen phao), from HLC, pt. 1, ch. 2, p. 11 
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Fig. 28. Bombs at the siege of Ningyuan by the Manchu prince Nurhachi in +1626. Although they do not 

seem to be very effective against the roofs of the Manchu assault ladders, they must have been by this time 

‘thunder-crash bombs’ (chen thien lei), i.e. bombs with strong iron casings. The picture is taken from the Thai 

Tsu Shih Lu, a work which would not be expected to do much justice to Ming military technology, but in fact 
the siege had to be raised after a spirited defence by Yuan Chhung-Huan. 
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board; and woe betide any unlucky boat that received one of these missiles, for the crew 
would certainly have to jump overboard or be stifled. 


From this description it is clear that the military technicians of the t rith cen- 
tury, or Yu Yün-Wen's men in the + 12th, would have been quite at home with 
the poison-smoke weak-casing projectiles still used by Chinese forces in the mid- 
dle of the nineteenth century. And from what we have seen on the composition of 
such bombs (pp. 123, 144, 167 above) we can fairly well imagine it too. Was 
not all this a chapter in the pre-history of tear-gas grenades? But we have no 
records that the medieval Chinese used it on civilian populations. 


(11) LAND AND SEA MINES 


We have now followed the fortunes of gunpowder with its continually rising 
nitrate content from its first uses as slow match and incendiary through the 
explosive weak-casing maroon to the strong-casing cast-iron bombs and gre- 
nades which gave true detonations. By +1277 the case of the ‘enormous bomb’ 
of Lou Chhien-Hsia (p. 176 above) makes it clear that something more of the 
nature of a land-mine was then available, and it is to these greater masses of 
explosive that we must now briefly turn our attention. It also seems probable 
that the thunder-crash bombs which were let down on chains to the Mongol sap 
trenches in the siege of +1232 were also larger than the customary iron bomb- 
shells lobbed over from trebuchets, in which case it would be more reasonable to 
speak of mines in that affray also. In any case, it looks as if the size of the infernal 
machines was growing steadily all through the +13th century. By the time that 
we get to the middle of the +14th we can find specific descriptions of mines in 
the Huo Lung Ching. 

In early times the terms phao and huo phao evidently covered mines, though the 
name later adopted was ‘ground thunder’ (ti lei!). Several types of mine are 
described in the various versions of the ‘Fire-Drake Manual’ as well as in the Wu 
Pei Chih. For example, the ‘invincible ground-thunder mine’, wu ti ti lei phao? is 
clearly intended to be buried in places where the enemy is likely to pass. The 
Huo Lung Ching says? 


The mine, made of cast iron, is perfectly spherical in shape. It holds one peck or five 
pints of (black) powder, depending on its size. The ‘magic gunpowder’ (shen huo?), 
‘poison gunpowder’ (tu Кио“) and ‘blinding and burning gunpowder’ (fa huo?) composi- 
tions are all suitable for use (in this device)." Hard wood is used for making the wad (fa 
таб), which carries three different fuses in case of defective connection, and they join 
at the ‘touch hole’ (huo chhiao’). The mines are buried in places where the enemy is 


^ HLC, pt. 1, ch. 3, p. 294, b; tr. auct. Also in Huo Kung Pei Yao, ch. 3, p. 294, b; Huo Chhi Thu (Hsiangyang- 
fu edition), p. 395, and Wu Pei Chih, ch. 234, pp. 92, тоа. 
> Cf. p. 180 above. 


HE -ERE оК “BK Ek 
sE KR 


30. THE GUNPOWDER EPIC 193 


expected to come. When the enemy is induced to enter (the minefield) the mines are 
exploded at a given signal, emitting flames (and fragments) and a tremendous noise. 


What exactly the triggering mechanism was we are not told, so one has to sup- 
pose that a long fuse was ignited by hand from an ambush or some sort of 
concealment just at the right time. The speed of transmission along the fuse 
would have had to be nicely calculated. 

Another form of land-mine, but one using a firing device touched off by the 
enemy, is represented by the ‘ground-thunder explosive camp’ (ti lei cha ying’), 
one of the 'self-trespassing' (tzu fan?) type. It presumably derived its name from 
the fact that it was laid in the ground in large numbers in strategic positions, like 
the tents of an army encampment. The Huo Lung Ching says:* 


These mines are mostly installed at frontier gates and passes. Pieces of bamboo are sawn 
into sections nine feet in length, all septa in the bamboo being removed, save only the 
last; and it is then bandaged round with fresh cow-hide tape. Boiling oil is next poured 
into (the tube) and left there for some time before being removed. The fuse starts from 
the bottom (of the tube), and (black powder) is compressed into it to form an explosive 
mine (cha phao?). The gunpowder fills up eight-tenths of the tube, while lead or iron 
pellets take up the rest of the space; then the open end is sealed with wax. A trench five 
feet in depth is dug (for the mines to be concealed). The fuse is connected to a firing 
device which ignites them when disturbed. 


Although the text does not say so, the eight bamboo ‘guns’ are held together by 
two discoidal boards pierced by holes of just the right size, as can clearly be seen 
in the illustration (Fig. 29). From the specification they must have been buried 
at a slanting angle, probably pointing up the path, and as the picture says, the 
whole contraption is to be concealed by earth and grass.” As for the boiling oil, 
its purpose was presumably to harden the interior of the bamboo for its once- 
only function. 

The ‘self-tripped trespass mine’ (tzu fan phao*) operated in the same way (Fig. 
зо). Again the Huo Lung Ching says:4 


It is made of iron or rock, or even porcelain or earthenware, with a cavity inside, very 
like the explosive mine mentioned above. Outside, the fuse runs through a series of 


* ALC, pt. t, ch. 3, p. 25a, b, tr. auct. Also іп the Hsiangyang-fu edition, Huo Chhi Thu, р. 376; Huo Kung Pei 
Yao ch. 3, p. 254, b. See also Wu Pei Chih ch. 234, pp. 45, 5a. 

^ This is reminiscent of the automatic crossbowmen in the tomb of Chhin Shih Huang Ti (pt. 6, (е) 2 
above). 

* Dr Clayton Bredt suggests, from recent experiments, that its purpose was rather to waterproof the bam- 
boo and to kill boring insects. Freshly cut bamboo is immensely strong but very susceptible to insect attack, 
and the labyrinth of holes under : mm. in diameter is soon broken up by moisture, moulds and bacteria, 
especially if the tube is exposed to soil. Under such conditions it would soon be useless for firing anything. The 
bamboo borers are beetle larvae such as Lyctus brunneus and Cyrtotrachelus longimanus (R 55; Tu Ya-Chhüan et al. 
(1), p. 412-1). 

d HLC, pt. 1, ch. 3, p. 264; tr. auct. Also in the Hsiangyang-fu edition, Huo Chhi Thu, p. 38а, and Huo Kung 
Pei Yao, ch 3, p. 26a, b. See also Wu Pei Chih ch. 234. pp. 55, ба. 
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Fig. 29. The 'ground-thunder explosive camp land-mine’ (4 dei cha ying). The eight bamboo ‘guns’ are held 
together by two discoidal boards pierced by holes of suitable size. From HLC(EKPY) ch. 5, p. 34. 
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‘fire-ducts’ (Auo tshao'), which connect together several of these devices installed at 
strategic points. When the enemy ventures on to ground containing one of these mines, 
all the others arc set to explode (quickly) one after the other. 


Another rock-cut infernal machine was the ‘stone-cut explosive land-mine' (shih 
cha phao?). Again the Huo Lung Ching says: 


This is a piece of rock carved into a spherical shape, and it can be of various sizes. Inside 
it is hollow, and contains explosive (black) gunpowder, which is packed in tight with a 
pestle to fill up nine-tenths of the space. A small section of bamboo is inserted for the 
fuse. The gunpowder is covered over with a piece of paper, above which is placed some 
dried earth, and a pound of clay above that in which the fuse is coiled round. For the 
defence of cities the land-mine is buried and hidden underground (at appropriate 
places), and this is what can be used for ground-thunder. 


It says much for the labour-force available to the old Chinese military engineers, 
who were able to keep an army of stone-masons chipping away at such land- 
mines. But even where suitable lumps of rock were available, they would not be 
easily replaced once one had shot one's bolt, as it were. 

Yet another apparatus, the ‘Supreme Pole combination mine’ (Thai Chi tsung 
phao*),” mounted a battery of little guns pointing in eight directions (pa kua 
chhung?)," which were set off by an automatic trigger mechanism. The case for 
them could be of wrought iron or hard wood, with ports for the muzzles, and it 
could be installed in unguarded camps or mounted passes, where a returning or 
advancing enemy would be likely to trip it (Fig. 31). This idea is old, probably of 
the early +14th century, because it occurs in the first stratum of the Huo Lung 
Ching,’ but its specification persists in many later books.‘ 

Nothing is given in the text to elucidate the firing device used to set off these 
mines.’ But for the ‘explosive mine’ (cha hao), the text of the Fire-Drake Manu- 
al mentions at least the type of ignition arrangement, though not describing it 
fully. The Huo Lung Ching explains the matter thus:* 


The explosive mine is made of cast iron about the size of a rice-bowl, hollow inside with 
(black) powder rammed into it. A small bamboo tube is inserted and through this passes 
the fuse, while outside (the mine) a long fuse is led through fire-ducts. Pick a place where 


* HLC, pt. 1, ch. 3, p. 28a, b; tr. auct. See also the Hsiangyang-fu edition, Hue САМ Thu, p. 39a and Huo 
Kung Pei Yao, ch. 3, p. 28a, b. Also in Wu Pei Chih ch. 234, pp. 75, 8a. The illustration and description in 
ch. 122, р. 27а (wei yuan shih phao?) are also striking. A photograph of actual specimens is in Lo Ché-Wén (1). 
For the significance of this name see Vol. 2, pp. 460 ff. 

Again see Vol. 2, pp. 305, 312-13. 

HLC, pt. 1, ch. 3, p. 30a, b; HKPY, ibid.; Hsiangyang ed. НСТ, p. 40a. 

WPC, ch. 134, pp. 225, 23a; PL, ch. 12, p. 66a, b. 

Liu Hsien-Chou (72) has devoted a special paper to the exploration of the firing and timing devices, which 
include, as we shall see, the joss-stick, the long-glowing composition, and the suddenly released flint-and-steel 
mechanism. 

= HLC, pt. 1, ch. 3, p. 27а, b; tr. auct. See also the Hsiangyang-fu edition, Huo Chhi Thu, р. 386 and Huo 
Kung Pei Yao ed. ch. 3, p. 27a, 6. Also in Wu Pei Chih, ch. 234, pp. 65, 7a. 
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Fig. 31. The 'Supreme Pole combination land-mine' (Thai Chi tsung phao), which had eight little guns pointing 
in all directions, set off by an automatic trip mechanism. From PL, ch. 12, p. 665. 
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Fig. 3а. An explosive land-mine (cha phao} set of by automatically operated steel wheels (Aang lun} igniting 
tinder and thereby lighting the fuses. by means ola spark from flint. HLC (HKEY), ch. 3, p. 272. 
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the enemy will have to pass through, dig pits and bury several dozen such mines in the 
ground. All the mines are connected by fuses through the gunpowder fire-ducts, and all 
originate from a steel wheel (Aang lun!). This must be well concealed from the enemy. On 
triggering the firing device the mines will explode, sending pieces of iron flying in all 
directions and shooting up flames towards the sky. 


Thus from this it is clear that there was some arrangement of flint and steel, set 
in motion by the injudicious enemy, which directed sparks on to tinder and set 
light to the train of fuses. From the illustration (Fig. 32) it is clear that there 
could be at least two steel wheel systems either of which would activate the 
whole mechanism. 

How exactly the arrangement worked was not revealed in a printed book until 
early in the 9 17th century. It consisted of a couple of the steel wheels, presum- 
ably serrated, fixed on a single axle and so placed as to rest on flints. A cord 
wound round a drum on the axie was attached to a weight at one end, and the 
mechanism kept in position by a pin. When the pin was removed by an unwary 
enemy stepping on a piece of board or plank attached to it, the pin released the 
weight, with the result that the wheels produced sparks by rubbing against the 
flints, thus lighting the fuses and setting off the mines. The earliest description of 
this steel-wheel firing device is in the Ping Ги," and the same account is repeated 
in the Wu Pei Chih.” The illustration in the former (Fig. 33) shows the assembly 
rather diagrammatically, including the two wheels with their flints and weight- 
drive, the ‘doorstep boards’ (uan рап?) and the retaining pins (chi chen?) released 
by them. The picture in tbe latter is considerably more informative, and shows 
all the components both separately and assembled (Fig. 34).° 

There is more than meets the eye in this set-up, especially when we remember 
that it goes back to the middle of the - 14th century, certainly not later than 
+1360. Its two essential components, the flint-and-steel igniter and the weight- 
drive, both invite some thought, since they call to mind parallel devices in 
Europe, either of later date or not likely to have been known in China at the 
time, First, sparks struck off by steel on flint were a very ancient item in all 
civilisations, going back almos: to the beginning of the iron age,? but their use in 
connection with gunpowder came in Europe’ much later than +1360. The 
wheel-lock musket, which ignited its priming powder by a spark struck from a 
piece of iron pyrites and a steel wheel. does not go back further than the sketch 
by Leonardo da Vinci about +1500, and the first firm date for the actual thing is 
+1526. The flintlock musket, fired by the descent of a piece of flint and its 
impact on the steel pan-cayer of the priming, was first mentioned only in 
PL, ch. 12, p. 616—625. 
HPC, ch. 134, p. 144-154. 
Several alternative mechanis 
Hsien-Chou 12}. On Sea-mines and their ignition mechanisms, see Li Chhung 


* Cf Vol 4. pt i. p. о. 
© See Blackmore (1). рр. 1g, 28: Reid (1). pp. 90. 96, 11617; Partington (5), pp. 1680. 
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Fig. 33. A more elaborate pictorial description of the steel and flint firing mechanism (fa huo shih), from PL, 

ch. 12, p. 62a. Two steel wheels were suddenly rotated by a falling weight, the cord of which was wound 

round their axle, when the enemy stepped upon one or other of the two boards (huan pan) and released the 

retaining pins (chi chen). The fuses were thus lit by the sparks from the flints igniting the tinder, and the device 
exploded. This, the earliest illustration, is of + 1606. 
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c 1547? It has not so far been suggested that these were inspired by a previous 
Chinese practice, and perhaps the idea behind them was obvious enough, but it 
does remain true that one of those ‘transmission clusters’ in which techniques 
passed from China to Europe, did occupy the second half of the +14th century.” 
Secondly, the weight-drive is a rather curious device to find in China in the 
middle of the +14th century, for although it had successfully powered the first 
mechanical clocks of medieval Europe soon after +1300, it could hardly have 
passed East so quickly; and the indigenous hydro-mechanical linkwork- 
escapement clocks of China worked on a different principle, that of an inhibited 
vertically mounted driving-wheel using water or mercury from a constant-level 
tank. On the other hand, there is evidence that the Hellenistic anaphoric clock 
was known and used by the medieval Chinese as well as the Arabs, so the 
weight-drive could have originated fairly easily from the anaphoric float, and it 
might have done so in both West and East independently.? One generally thinks 
of the weight-drive having come into China only with the mechanical clocks 
introduced by the Jesuits in the 17th century, but the present evidence sug- 
gests that it had been there for a long time already. Perhaps the secret, or ‘re- 
stricted', nature of its use helped to keep it dark. But the paradox remains that 
a flint-and-steel device was used in China for gunpowder ignition a century and 
а half or so before. it found the same use in Europe; while on the other hand 
the weight-drive appeared in China for gunpowder ignition rather secretively 
half a century after it had begun to power European mechanical clocks, yet 
two and a half centuries before these came into China as the gifts of the Jesuit 
missionaries.“ 

As for explosive mines in Europe, there is not much evidence of them before 
the middle of the +15th century.’ The first clearly recorded case of a plan for 
such an infernal machine seems to occur in +1403 in a war between Pisa and 
Florence, but whether it was actually practised is not quite clear.* The first 
design for anything similar to the firing device of the Fire-Drake Manual did not 
come, apparently, until +1573, when Samuel Zimmermann of Augsburg in- 
vented a contrivance for igniting fireworks or a mine at a distance by the use of 

> Before this period, the priming powder or the charge itself was always ignited by a piece of slow-match, 
just-as.in the flame-threwer of +919 (cf. p. 81 above). 

5 Needham (64), pp. 61-2, 201: Among the great inventions coming at this time were rhe blast furnace for 
cast iron, block-printing, and segmental arch bridges. 

* Vo 4, pt. 2, pp. 446 E, 4699) 07 Needham, Wang & Price (1), 

3 Vol 4, pt 2, pp. 223, 465%, 532, S41: Liu Hsien-Chou (72) suggests that the weil-windlass (c£. Vol. 4. 
pc 2, p. 535) was the prototype. It must have been à very old observation that an empty bucket, let alone a fuil 
one, was Hable to run away down. the well ifnot checked at the well-head. 

* Albthrough the +46th century in China improvemerits were being made in land and sea mines, as Юг 
instance by Tséng Hsien! about +1530. He was the military official who urged the recovery of the Ordos 
region from the Mongols, but was executed at the instance of opponents of his policy. See Wan Pai Wu (7), 
p.89: Lid Hsien-Chou (72): 


*: Romocki: (1), vol. 1, p.243. 
8: Partitigton (5), p. 172. 
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flint-and-steel, springs and string.* To this clockwork was in time added, bring- 
ing about the time-bomb, once again by the use of the weight-drive.? 

The weight-drive flint-and-steel mechanism was not the only one used in 
China for setting off infernal machines. Recipes existed for mixtures which 
would glow for long periods given an adequate supply of air, ready to ignite a 
fuse when brought mechanically into contact with it. For example, the Wu Pei 
Chih describes a device of this kind for use with a booby-trap (Fig. 35). In 
the ‘underground sky-soaring thunder’ (fu ti chhung thien lei!) the mines are 
placed three feet underground with the fuses leading to a point below a bowl 
containing a slow-burning incandescent material (uo chung”). Lances or 
pikes with long handles are set up vertically above the bowl; then when the de- 
lighted enemy comes to appropriate the weapons the bowl is upset and the 
mine fuses ignited. The Wu Pei Huo Lung Ching contains a formula for making 
the slow-burning incandescent material, which it claims will burn continuously 
from 20 days to a month without going out. It is made of 1 lb. of white sandal- 
wood powder {hui mu?), 3 oz. of iron rust (huo lung i* or thieh i°, ferric oxide), 5 oz. 
of ‘white’ charcoal powder ( ра? than mo*), 2 oz. of willow charcoal powder, 6 oz. 
of the dried powdered flesh of ‘red’ dates (Aung isao”) and 3 oz. of bran. ‘White’ 
charcoal was simply charcoal whitened with quicklime. In a similar recipe given 
in the earher Ping Fa Pai Chan Ching (c. +1590) it is simply given as ‘charcoal 
powder ^ In principle the stuff was not unlike the glowing incense-powders 
used in temples, but without most of the fragrant constituents, and the lime was 
doubtless added to keep the mixture dry. 

Still other ignition and timing methods were used in sea-mines for naval 
warfare-—one was the burning down of a joss-stick. The Huo Lung Ching has an 
interesting specification for such a sea-mine.? It reads as follows: 








The sea-mine called the ‘submarine dragon-king’ (shui ti lung wang phao?) is made of 
wrought iron, and carried on a (submerged) wooden board (mu phai”), [appropriately 
weighted with stones; s 37]. The (mine) is enclosed in an ox-hladder (niu рАад!®). 
its subtlety hes in the fact that a thin incense(-stick) is arranged (to float) above the 
mine in a container. The (burning) of this joss-stick determines the time at which the 
fuse is ignited, but without air its glowing would of course go out, so the container is 





` Zimmermann (i! 

? Partington (5); p. 169. 

© WPC,ch. t34, pp. 115, 122, 

? PLY za. ` 

* CE Vol $, pp. з29Ё., Fig. 14: pt. 2, pp. 134 f. 

|o was very natural that the Chic айога should have thought 
incense-sticks were used for the time-keeping of watches at sea from th 
Cf. Vol. 4, pt. з. p. 570. 

S ALC, pt. т, ch: 3, p. 234. b; also in the Hsiang-yang edition, Heo САА Thu, p. тта, and in the Huo Kang Pri 
Yao edition, ch. 3. p.244. 5. tr, auct The passage is somewhat corrupt, so all chree-versions-of the text have to 
be used. 





is, for there can be no doubt that 
Middle Ages onwards at least. 
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Fig. 35. A booby-trap called the ‘underground sky-soaring thunder’ (fu ti chhung thien lei). A stand of arms is 

set up with a land-mine underneath, and this is set off by the enemy whose step upsets a bowl of slow-burning 

incandescent material when he comes to take possession of the halberds, pikes and lances. From WPC, ch. 134, 
p. tib. 
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connected with the mine by a (long) piece of goat's intestine (through which passes the 

fuse). : 
[Comm. The saltpetre-saturated (fuse) can also come from a roughly made iron 
fish (as the floating container).]* 

At the upper end the (joss-stick in the container) is kept floating by (an arrangement 
of) goose and wild-duck feathers, so that it moves up and down with the ripples of the 
water. On a dark (night) the mine is sent downstream (towards the enemy's ships), and 
when the joss-stick has burnt down to the fuse, there is a great explosion. 


The illustration for this in all the editions (Fig. 36) is diagrammatic in the ex- 
treme, with no indicative lettering, so it is necessary to look also at the picture in 
the Thien Kung Khai Wu of +1637, three centuries later, which does give a few 
identifications though still very badly (Fig. 37).° The only difference is that a 
lacquered leather bag replaces the ox-bladder,? while a cord pulled from the 
shore releases a flint-and-steel firing mechanism. The Chhing edition adds only 
artistic detail to the Ming picture, though it provides a graphic drawing of an 
underwater explosion. Also the name of the sea-mine has now changed, to the 
*chaos-producing river-dragon' (kun chiang lung!). 

So far we have been elucidating Chinese practice of the +14th century. 
Apparently Europeans had not advanced so far at that time (if it is an advance 
to be able to blow up ships), for the first plan for sea-mines was presented to 
Queen Elizabeth by Ralph Rabbards in +1574.° When it came to the nineteenth 
century, the Chinese naturally improved their sea-mines by borrowing from 
Western practice. In 1842, at the time of the Opium Wars, Phan Shih-Chhéng?, 
the wealthy merchant-shipbuilder and technologist at Canton,’ engaged an 
American naval officer J. D. Reynolds (Jen Lei-Ssu?) to conduct experiments 
with sea-mines as part of the modernisation of China's coastal defences, and 
Phan himself participated in the trials. Later he contributed a piece on them 
for the 1852 edition of the Hai Kuo Thu Chih* (Illustrated Memoir on the Occi- 
dental Maritime Nations) of Wei Yuan? & Lin Tsé-Hsii®; and this was the 


a Here again there is an echo of another Chinese medieval technique, namely the floating magnetic com- 
pass, where a shallow hollow iron fish took the place of the needle. Cf. Vol. 4, pt. 1, pp. 252-3. This one would 
have to have been rather deeper so as to take the joss-stick. On combustion clocks in general in Chinese culture 
see Vol. 3, pp. 329 ff. 

> The same applies to the description in WPC, ch. 133, p. 45. 

* Ming ed. ch. 15, pp. 344, 38a; Chhing ed. ch. 15, pp. 8a, 14b, 15a. The translations of Sun & Sun (1), 
p- 272 and Li Chhiao-Phing (2), p. 394, are not to be recommended. 

9 [n the text but not in the illustration; which shows a derivation from HLC. 

* Partington (5), p. 166. 

f The background to this will be found in the paper of Bauermeister (1), though it deals with designs only 
from +1787 onwards, and mentions no Chinese antecedents. 

* Phan was known to Beal as Poon Sse-Sing, and to Rondot as Pwann Sse-Ching. His common name 
among foreigners was Tinqua (derived from the office he held), and he was a descendant of the founder of the 
famous merchant Co-Hong in the city. 
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Fig. 35. A séa-niine, the ‘submarine dragon-king" (shui ti [ung wang pha»), from the mid +igth century, in 

HLC (HCT), p. 374. For explanation, see text. The firing mechanism consists of a floated incense-stick which 

lights the fuse when it burns down, this last being contained in a length of goat's intestine, and corinecting with 
the explosive charge which is floated at a certain depth submerged below. 


30. THE GUNPOWDER EPIC 








MESS А 
E lE EP 
3t: iR 
Fig. 37. The more explicit diagram of the same device in TKKW, ch. з (Excellent Weapons sect.), p. 269. 
In the curreni facsimile Ming ediúgn it is ch. 3 (ch. i5), p. В. The derivation from the HEC drawing is very 


evident, Бы 





xt gays that the ox-bladder containing the explosive is replaced by a lacquered leather bag, 
and that the joss-stick gives way io a cord pulled [rom the shore to release a flint-and-sieel firing mechanism 
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source of the interesting paper of Beal (4) seven years later.^ Twenty of these 
sea-mines were made at the Canton arsenal in 1843.* 

The mine consisted of a hexagonal wooden waterproof brass-bound chest (tu!) 
submerged in the water by means of adjustable iron weights (thieh chui?) and 
suspended by two chains or ropes (Asian shéng?) from a buoy (fou chhiu*). Two 
openings in the cover enabled the charge of some 160 Ib. of gunpowder to be 
inserted (ju yao khung?) and a third allowed water to enter a tube (shui kuan 
khung) at the proper time. All three openings were sealed, two by ‘charge covers’ 
(yao kai’) and the third by a protective cover (hu kai 9) for the water-tube, which 
incorporated a filter to avoid any danger of blockage. When the time came the 
mine was towed on the end of a rope (yin shéng!?) from a boat silently 
approaching the enemy ship, or even by a swimmer or a diver, and then fastened 
to its anchor-cable. Upon the removal of the protective cover, the water, passing 
down the narrow tube, gradually filled a cylinder with accordion-pleated sides 
and raised its upper end; this eventually activated a lever which released three 
spring-hammers to fall upon as many percussion-caps and so set off the charge. 
The mine thus had a latent period of between thirty and thirty-five minutes, 
allowing for the escape of the mining party.* 

Admiral Kennedy, whom we have met before (p. 189), had a considerable 
respect for the sea-mines used by the Chinese Navy during the fighting on the 
Canton River in 1856. He afterwards wrote as follows: 


To guard against fire-rafts and torpedoes* we made a boom across the River with spars 
and chains, connecting it with the shore on both sides. Some old junks were moored in 
mid-stream above and below the shipping; these junks were also connected with the 
shore, leaving a passage for a friendly vessel, and this space was also closed by chains 
which could be removed at pleasure. ... All this was most necessary, as the Chinese were 
very cunning in the use of torpedoes and infernal machines, for which the Canton River 
was well adapted. Almost every night we received some kind attention in the shape of a 
junk loaded with combustibles, floated down with the stream and set on fire when close 
to us. Another clever apparatus consisted of one or more iron tanks filled with powder, 
and sunk to the level of the water, having on the outside wire springs connected with a 
trigger, so as to explode on touching a ship's side. These were more dangerous than the 
junks or fire-ships, being so low in the water as to require the utmost vigilance to detect 


* A copy of the book had been found on one of the principal junks at Fatshan in June 1857. Chs. 92, 93 
reprinted Phan's Shui Lei Thu Shuo.8 Cf. Kennedy (1), pp. 77 ff. | 

^ An interesting echo of all these proceedings reached Liang Chang-Chü, who wrote an account of them in 
his Lang Chi Tshung Than of 1845 (Impressions Collected during my Official Travels), ch. 5. Forty years later 
this was translated by Imbault-Huart (4). 

© As the illustrations (pp. 32, 5а) are very Western in character, and none too informative either, we do not 
reproduce them. 

d Kennedy (1), p. 41. 

© This was an old term for sea-mines; cf. the title of the paper of Imbault-Huart (4). The use of ‘torpedo’ in 
the modern sense did not come in till later, with the Whitehead self-propelled torpedo. The word must have 
been taken from the name of a genus of electric fishes which administer shocks to their prey. 
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them. Our business was to sink or explode them before they got near enough to do us 
any harm, but this was not always possible; at times we managed to destroy some, and 
others drifted wide of the mark, but on one occasion they very nearly succeeded. ... 


Chiao Yü and his +14th-century military and naval technologists would prob- 
ably have been quite pleased if they had known that no less than five hundred 
years later their sea-mines, suitably improved, would have given so much bother 
to the heirs of modern science and the industrial revolution. 

Now that we have become accustomed to the detonation of large masses of 
high-nitrate gunpowder, the moment has perhaps come to look again at 
accounts of arsenal explosions, of which several have come down to us from late 
Sung and Yuan times. For example, in Chou Mi's! Kuei Hsin Tsa Chih? we find 
note of the following incident.? 


Chao Nan-Chung?, when prime minister (chhéng hsiang^) ... reared four tigers at his 
private house in Li-yang, and kept them within a palisade near the gunpowder arsenal. 
On a certain day, while the gunpowder was being dried, а fire broke out and a terrible” 
explosion followed. The noise was like the crash of thunder, the ground trembled, and 
many houses collapsed. The four tigers were killed instantly. This news spread from 
mouth to mouth among the people, and the incident was considered a frightening 
marvel. 


Since Chao Khuei? (Chao Nan-Chung) died in +1266, the calamity would have 
occurred about +1260, just the time when the Southern Sung were defending 
their dynasty against the Mongols, a few years after Li Tséng-Po had been com- 
plaining about the arsenal administration (p. 173 above) and a few years before 
the siege of Hsiang-yang (p. 168 above). 

The Kuei Hsin Tsa Chih, written in +1295, goes on to report an even more 
alarming occurrence,? the destruction of an arsenal in +1280, just after the 
Mongols had taken over. 


The disaster of the trebuchet bomb arsenal at Wei-yang® was still more terrible. Former- 
ly the artisan positions were all held by southerners (i.e. the Chinese). But they engaged 
in peculation, so they had to be dismissed, and all their jobs were given to northerners 
(probably Mongols, or Chinese who had served them).* Unfortunately, these men 
understood nothing of the handling of chemical substances. Suddenly, one day, while 
sulphur was being ground fine, it burst into flame, then the (stored) fire-lances caught 
fire, and flashed hither and thither like frightened snakes. (At first) the workers thought 
it was funny, laughing and joking, but after a short time the fire got into the bomb store, 
and then there was a noise like a volcanic eruption and the howling of a storm at sea. 


а Chhien Chi, p. 135, 144, tr. auct. 

^ Ibid. p. 144, b, tr. auct. 

< Under the Yuan dynasty there were three classes of citizens. First came the Mongols (Méng-ku" or pei 
Jen®), secondly the Arabs, Persians or Europeans hired to serve the Great Khan, people with coloured pupils in 
their eyes (sé mu jen), and finally in the third class the Chinese (southerners, nan jen!9). 
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(The whole city was terrified, thinking that an army was approaching, and panic soon 
spread among the people, who could not tell whether it was near or far away. Even ata 
distance of a hundred [i tiles shook and houses trembled. People gave alarms of fire, but 
the troops were held strictly to discipline. The disturbance lasted a whole day and night. 
After order had been restored an inspection was made, and it was found that a hundred 
men of the guards had been blown to bits, beams and pillars had been cleft asunder or 
carried away by the force of the explosion to a distance of over ten й, The smooth ground 
was scooped into craters and trenches more than ten feet deep. Above two hundred 
families living in the neighbourhood were victims of this unexpected disaster. This was 
indeed an unusual occurrence. 


This graphic description bears witness to what the principle of the 'sorcerer's 
apprentice’ could do. where explosives were concerned. It is interesting to reflect 
that it could not have happened in the Europe of that time, for Roger Bacon's 
first notice of gunpowder was then only a dozen years old, while nearly half a 
century had yet to pass before the first practical use of gunpowder in Western 
warfare.* 

Similar stories continue down in Chinese literature until modern times. For 
example, it is recorded’ that in +1363 a certain augur named Chang Chung! 
predicted a great disaster, but assured Chu Yuan-Chang, the future Ming 
emperor, that no harm would come to him personally. Sure enough, a month 
later the Chung-Chhin Pavilion caught fire, and a thunderous explosion foi- 
lowed when the bombs and powder stored there were touched off. 


(12) BIZARRE DELIVERY SYSTEMS 


We now approach the tubular fire-lance, ancestor of all metal-barre! guns and 
cannon, but before we can discuss it we must pause to take note of various 
peculiar methods for the delivery of incendiaries and explosives devised by the 
Chinese in medieval times. Although at first sight a modern reader may be 
inclined to dismiss them as fanciful, they are in fact of quite considerable interest 
because one can trace in several of the devices a clear progress in sophistication 
as time went bv. One can also find the whole succession from incendiary to 
high-nitrate gunpowder plainly exposed in them." Most began with the use of 
expendable animals, a method which must be almost as old as warfare itself. We 


* GE p: i79 above, and p. 287 below. 

^ By Sung Lien, iu his Sang Haüch Shik Chbüan Chi 
p. 121. Since the account was written daly a decade or sol 
arsenal explosion. 

Even the most archaic of them survived in military books into the +i 71h century and later, but to what 
extent they. were any use by then or whether anyone attempted to use fea’ is not so. sure. Such. was Chinese 
corservatism, however, that their description and illustration cértainty persisted long after the introduction of 
relatively modera: types of guns and canton, But C "hingiz Khan is said to have used the fire-bird technique 
when besieging J/Ghin cities; Schmidt (1). Eng. tr. p. 50; Franke (24) pp. 199. 334. 
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have already noted an example from ancient Hebrew history, Samson tying 
firebrands to the tails of foxes and driving them towards the enemy's cornfields.* 

Now in what follows we shall trace the development of such systems from the 
beginning of the +8th century onwards. First there were the ‘fire-birds’ (kuo 
chhin'), partridge-like creatures sent off to sit upon the enemy's thatched roofs 
and set them alight (Fig. 38);? they carried a walnut receptacle filled with burn- 
ing moxa tinder, pierced with two holes, and tied round their necks. The illus- 
tration comes from Wu Ching Tsung Yao (+1044), but the text about them is 
verbally identical with a predecessor in the Hu Chhien Ching, and that takes us 
back as far as +962. The picture and description is then repeated in practically 
all the subsequent military compendia.? 

Another sort of fire-bird was represented by the 'apricot(-stone fire-)sparrows? 
(chhiao hsing*). They were smaller birds, and the burning moxa tinder was en- 

closed in a split apricot- stone attached to their legs; several hundred were to be 
let loose at one time to fly to the enemy's camps and granaries and set them on 
бге The Huo Lung Ching also has this! but here comes an interesting surprise, 
for on the very next page this work of about +1350 has something very different, 
no less than a winged rocket, i.c. an artificial bird propelled by four rocket-tubes 
attached to feathered rods.* This is the ‘magic-fire flying crow’ (shen huo fei уаз), 
with its accompanying text and illustration repeated in later works. Here we must 
do no more than mention it, reserving its description for the sub-section on 
rockets, but it does show the continuity between the ancient techniques and the 
far more ingenious ones of later times. 

The expendable animals continue with the ‘fire-beasts’ (uio sAou*), deer, boars 
or other wild animals sent towards the enemy carrying on their heads burning 
moxa tinder іп a gourd ( phiao*) with four holes." One of the earliest appearances 
of this text must be that in the Hu Chhien Ching (began in +962 and finished by 
+1004), and there is a good illustration in the Wu Ching Tsung Yao! This particu- 
lar ploy seems not to have led to anything further, but it may be added that the 
birds were induced to leave by pricking their tails, while the animals were de- 
spatched towards the enemy by tying oil-soaked reeds to their tails and setting 
them alight. 


а Judges 15, 475. cf. p. 66 above. 
> WCTY'CC, ch. tt, p. 21a, b. 

HOC, ch. 6 (ch. 544; p. sa. There is mention 
* HEC, рь. i, ch. 3, p. 16a, $; НЕРУ, ch. зор 
© WOTY/CC, ch. 11, p. 22a, b. 
j ch. 5 p. 17a, à. Aiso in HKPY, ch. $ p i74, b; HET, p. зав МРС 
3, p. 18а, 5. Also in HKPY, ch. 3, p. 18a, b, ACT, p. 34a; WPC, ch. 
The object of these i in all che cases must have b een to supply air for the glowing tiride 
some of it to come out on the thatch. 

* HCC, ch: 5 (ch. 54, p. sa. 

WETHCC. ch. 14. p. 24а, b. Érappears again in ALC pi s ch. gop. ti 

wee ch. 131; pp. 139,146 
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Fig. 38. Expendable bird carrying an incendiary receptacle round its neck (Auo chhin), a technique in use at 
least as far back as the + roth century. From WCTY, ch. 11, p. 21а. 
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Next came the ‘fire-ox’ (huo niu'), which moved, as we shall see, with the times.* 
He is not in the Hu Chhien Ching, but in +1040 the Wu Ching Tsung Yao shows him 
(Fig. 39) pounding away towards the enemy lines at a very un-cattle-like pace, 
but that is because a large tub of incendiary material is attached to his rump and 
burning. Although the animal is provided with a couple of spears tied on, it 
cannot have caused much damage if the fire was put out, and the generals must 
have felt it undesirable to give the enemy such free supplies of beef. Very diffe- 
rent was the situation after it became possible to attach a large bomb of high- 
nitrate gunpowder to the back of the animal, as we see (Fig. 40) in the later 
works.* It now had some real point, though it was still an expendable animal; 
this was the situation by the end of the +13th century, though our illustration 
comes from the Wu Pei Huo Lung Ching of about +1400. And it had changed its 
name, for it was now called the ‘rolling thunder-bomb fire-ox’ (huo niu hung lei 
phao?). 

Another striking change which came over an ancient plan or tactic as time 
went by appears in the matter of the ‘fire-soldier’ (huo ping’). In the Hu Chhien 
Ching and the Wu Ching Tsung Yao he is a real person, a rider on a gagged horse 
who gallops round the enemy camp lighting and throwing in combustible mate- 
rials (Fig. 41), then, if confusion results, an attack is made.? But by the -F 14th 
century he is replaced by a wooden human figure, also mounted on a horse, but 
stuffed behind his paper face and bamboo accoutrements with incendiary sub- 
stances and carrying a large bomb timed to explode when it reaches the enemy 
lines (Fig. 42).* Here of course the animal had to be despatched by the age-old 
method of tying firebrands to its tail. The arrangement is now called the 
*heaven(-shaking) thunder-bomb carried by the wooden man on the fire-horse’ 
(mu jen huo ma thien lei phao*), or in the more succinct phrase of the Wu Pei Chih the 
‘wooden man on the live horse’ (mu jen huo та). 

A variant of this, rather less convincing in character, was the 'flying-carriage 
fire-dragon pushed along the ground?’ (huo lung chüan ti fei chhé’).' Here a bomb or 
land-mine was concealed within the body of a wooden figure of a winged dragon 
or similar animal mounted on a two-wheeled cart and pushed forward by two 


* His traditional originator was Thien Tan?, a general of Chhi, in the campaigns of —279 against Yen State. 
But there was no incendiary element about Thien’s stampeding cattle, with sharp blades attached to their 
horns, except the bundles ofoiled rushes tied to their tails, by which, when lit, they were set in motion. 

^ WCTY/CC, ch. 11, p. 254, b. Also in HLC, pt. 1, ch. 3, p. зоа, b; HKPY, ibid.; HCT, р. 35a; WPC, ch. 131, pp. 
175, 185. 

© WPHLC, ch. 2, pp. 26-34; HLC, pt. 2, ch. 3, p. туа, 6; HKPY, ch. 3, p. 21a, b; НСТ, p. 356; WPC, 
ch. 131, pp. 185, 195, b, 20a. One of the two pictures in this last work shows a camouflage cover over the 
animal and its burden. 

а HCC, ch. 6 (ch. 54), p. 5a; WCTY/CC, ch. 11, p. 23a, b. Also in ТРУС, ch. 4, p. 85. 

* We illustrate from WPHLC, ch. 2, pp. та-та. But there is a particularly long specification in WPC, 
ch. 131, pp. 156—172. Attack is to be made as soon as the explosion occurs. 

HLC, pt. 2, ch. 3, pp. 185, 195; WPHLC, ch. 2, pp. 4а-5а; WPC, ch. 132, pp. 25, за. 
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Fig. 39. The ‘fire-ox’, another expendable animal, from WCTY, ch 11, р. 25а, 
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Fig. 41. A ‘fire-soldier’ rider (huo ping), from WCTY, ch. 11 p. 23a. He gallops round the enemy camp, 
throwing in combustible incendiary materials. 
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Fig. 42. Bomb-containing robot rider, intended to explode when carried into the enemy camp; 
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soldiers. The wings had eye-holes through which they could look, and acted as a 
shield for them, but it is hard to believe that the device could ever have been 
effective. The body contained several of the different kinds of gunpowder (cf. 
p. 117 above), and in some versions spears projecting at the front were tipped 
with tiger-poison. The Wu Pei Chih also figures and describes wooden animals 
with a wheel at each foot, containing smoke materials or bombs with metal 
fragments, each to be pushed forward by a single soldier.* These were called 
‘wooden fire-beasts’ (mu huo shou!). 

Very special conditions would have to have pertained before anything of this 
kind could have been useful, and the same conclusion might well apply to 
another device described in the old books, namely the "wind-and-thunder fire- 
rollers’ ( féng lei huo kun?) ? These were simply cylindrical rollers of bamboo and 
paper about a foot in diameter and three feet long, which were filled with poison- 
fire gunpowder,” iron fragments, and five cast-iron bombshells in each, then 
rolled down from above into the enemy camp (Fig. 43). No doubt defenders 
occupying higher positions on slopes had from time immemorial hurled down 
loose rocks and logs upon their enemies, but for the fire-rollers to have been 
effective it would have been desirable to induce the foe to encamp at the head of 
a valley, for example, surrounded by grassy declivities on nearly all sides, and 
that might well have been difficult? However, this peculiar firearm is worth 
recording. 

Expendable animals carrying incendiaries go far back in the history of most 
civilisations. They are mentioned in the AzAasastra which implies the early 
centuries of the present era; and birds in particular appear in Hasan al- 
Rammaáh's books, c. +1280, which is natural enough since his connections with 
China were so close.’ As for frightening figures of dragons and the like, we have 
to contend with a vast ancient literature on automata.® Firdawsi, for example, 
about +1020, took from the legends of Alexander the Great a story about iron 
horses and riders on wheels that he had had made, and sent against elephants, 
which they destroyed by means of the naphtha within them.^ As late as +1463 
Roberto Valturio figured a machina arabica, a great dragon figure, which shot 
forth arrows from guns in its mouth.' But all this need not be pursued further 
here. 

> WPC, ch. 131, pp. 145 184. 

* Hue Lang Ching, pu t: ch. 3, p. tea, 5; НСТ, р. зва; also in. HKPY ch. 3, poiga, 5: copied in WPC, 
ch. 130, p. 134, b. 

* Qf- p- r23above. 

4 Тһе texts do not always sav thar che cylinders have to be rolled down from a higher position, but it is fairly 
self-evident. 

* Shamasastry. (1), D. 434 (8405); Partington (5). p. 210. 

" Partington (5); pp. 200-1. Cf. p. 41 above. 

= Adumbrated briefly in Vol. 4, pr. 2. pp. 1558. and Vol. 5, pi. 4, p. 488. 


^ See Elliot (1), vel. б, pp. 475-80. 
i Partington (5), p: 164. 
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(13) THE Fire-Lance, ANCESTOR OF ALL GUN-BARRELS 


We find ourselves now at a true focal point in the evolution of the gun and 
cannon. At some moment after the first invention of the deflagrative, ultimately 
explosive and detonative, mixture of saltpetre, sulphur and charcoal, it occurred 
to someone to enclose the low-nitrate powder in a tube, and make it play upon 
the enemy. From this derived in the course of time all barrels whatsoever, rang- 
ing through bamboo (no doubt the first most obviously to hand)? through 
carton-paper and leather to copper, bronze, wrought iron and cast iron. Exactly 
when this crucial step was taken we may shortly see, for the first thing to do is to 
study the most important statements about the use of fire-lances in the dynastic 
histories and similar texts. Essentially the fire-lance or fire-pike constituted a 
five-minute flame-thrower, as it were a rocket held on the end of a pole, with its 
open end directed towards the adversary; and if sufficient supplies were avail- 
able, one can have little difficulty in imagining that the weapon would have 
discouraged enemy troops from climbing up and invading one's city wall. 
Secondly, we may go on to have a look at some of the many types of fire-lances 
described and illustrated in the military compendia; culminating in the larger 
*eruptor' (as we call it), no longer hand-held, but mounted on various kinds of 
stand or carriage. Many other questions will then present themselves, for in- 
stance the relation of the fire-lance barrel to the blow-gun, its persistence in 
warfare, its passage to the West by way of the Arabic world and its adoption 
there, with finally some comments on how effective it was in combat. 

Now to begin with we can trace a parallelism between the fire-lance and the 
bombs already discussed, for as Fig. 234 (p. 580) shows, we can divide them into 
weak-casing types and strong-casing types. In each of these we can find, as time 
goes by, a slow birth of the projectile, for it was not long before men found that 
the flames of the low-nitrate gunpowder would carry out with them, at a con- 
siderable velocity and with no little force, solid objects of many kinds. These we 
term 'co-viative projectiles’ (again coining a word) because the gunpowder was 
not fully propellant, and the object or objects did not occlude the whole bore of 
the tube. Two distinguishable developments have to be portrayed in Fig. 234, 
the progressive strengthening of the tube, and the incorporation of projectiles in 
the powder. Thus first dividing the prototypic fire-lance into two sorts, those 
with relatively perishable tubes and those with metal tubes, we can further di- 
vide the former into simple types, those with two or more barrels, and those in 
which the bamboo tube was contained within a winding of iron wire. Then 
comes the missile series. It starts with sand particles, designed to blind and 
confuse the enemy, goes on to lead pellets and miscellaneous bits of broken 


^ Elsewhere (Vol. 4, pt. 2, рр. 61-5) we expatiated upon the importance of this naturally-occurring 
material for so many aspects of Chinese technology, a wonderful ready-made tubing useful for an infinity of 
purposes. Bredt (1) makes the same point. 
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metal and pottery, preferably with sharp edges, and reaches its climax with the 
despatch of actual arrows.* Exactly the same sequence is repeated in the case of 
the metal-barrel fire-lances, except that the books figure no example of the sim- 
ple barrel or the sand—in fact one gets the strong impression that the reason for 
the introduction of the metal barrel was the need to emphasise the element of 
co-viative projectiles. 

In surveying Fig. 234 we begin to realise how closely the fire-lance eventual- 
ly approximated to the hand-gun and the bombard, and how clearly it is possi- 
ble to trace the stages step by step from the pure flame-thrower through the 
co-viative projectiles to the occlusive ball or arrow; and doubtless the proportion 
of nitrate in the mixture was rising all the time. One form (Fig. 61) fired a stone 
ball, another (Fig. 58) was a mixed type, with a lead bullet issuing from the 
central barrel, flames from the surrounding ones, and a pike- or lance-point for 
final use if the enemy got too close. 

Furthermore the terminology changed gradually; starting with literal exact- 
ness as huo chhiang! (fire-spear), it became in due course huo thung? (fire-tube) 
and eventually chhung? (the later specific name for a gun of any kind). This word 
had anciently meant any kind of socket, as in an axe or halberd, hollowed out to 
receive the wooden handle, so its adoption for the later use is very understand- 
able. But here its interest for us is that it was applied, as we shall see (p. 230) to 
some of the forms before the end of the fire-lance sequence. Also it is interesting 
to note that when Li Tséng-Po was complaining in +1257 about the inade- 
quacies of the Sung Arsenals Administration he used the phrase huo chhiang i pai 
ши thung‘, i.e. ‘105 tubes of fire-lances', using the word thung as one of those 
classifiers or collective particles characteristic of Chinese grammar. Of course it 
was perfectly natural to enumerate fire-tubes as tubes, but in order to know 
when such tubes had a projectile fully fitting the bore, and high-nitrate gunpow- 
der at last behind it, we need to know a lot more detail than is usually given in 
the descriptions. The first appearance of the phrase huo thung’ (fire-pipe) is, as 
we have already seen (p. 21), ancient; it originally meant a component of a 
signal-beacon tower, either a fuse running up to light the smoke-fire on the 
platform above, or a tube like a tuyére connected with a bellows to keep the fire 

- going.” All this had nothing to do with gunpowder. But the first appearance of 
the term Auo thung? in our sense seems to be the reference‘ in the Hsing Chün Hsü 
Chih® (What an Army Commander in the Field ought to Know)? about +1230, 
where it accompanies huo phao’ (bombs), shou phao® (grenades) and méng huo yu? 

* Here we come extremely close to the earliest bombards, which fired off arrows rather than cannon-balls, 
as in the case of Walter de Milamete's pictures, seen in Figs. 82, 83. They did this in China too, and earlier 
Tb C ch. 5 (ch. 46), p. 2a, 5; Thung Tien, ch. 152 (p. 801-2, 801-3). Cf. Féng Chia-Shéng (1), pp. 60-70. 

* Féng Chia-Shéng, ibid, p. 61. 

d Ch. 2, pp. 165, 17a. 
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(petrol for flame-throwers).^ What exactly it referred to at that time remains 
uncertain, perhaps a fire-lance with co-viative projectiles, perhaps a true barrel- 
gun; after all, these last are now attested by archaeological evidence for c. +1290 
(cf. p. 293 below), so the fully developed form was already ‘in the air’. The 
general upshot is that the passage from the fire-lance to the hand-gun and the 
bombard was one of slow stages with many shades of meaning and distinction, 
no sharp break occurring at any time. 

Let us now review the passages in Chinese literature which mention the use of 
fire-lances in warfare. For many years past the locus classicus has been the Té-An 
Shou Chhéng Lu', the account of the famous siege of Té-an by the Chin Tartars in 
^ 1132, when Chhen Кие? successfully held it for the Sung. The text says:? 


We also used bomb gunpowder (lit. fire bomb powder, huo phao yao?) and long poles of 
bamboo to make more than twenty fire-lances (kuo chhiang^). Also striking lances (chuang 
chhiang?) and swords with hooks at the ends (kou lien®), many of each. It took two men to 
handle each one. These things were got ready to use from the ramparts whenever the 
assault towers with their flying bridges (chien chhiao’) approached the city. 


And a further reference occurs in Chhen Kuei’s biography in the dynastic his- 
tory, which tells how* 

(Chhen) Kuei, with sixty men, carrying fire-lances (Ашо chhiang?)*, made a sally from the 
West Gate, and using a.fire-ox (huo niu’) to assist them,” burnt the flying bridges, so that 
in a short time all were completely destroyed. So (Li) Héng™ pulled up his stockades 
and went away. 


Here the nuance seems то be that the fire-lances were used not so much to 
oppose invading soldiers who get on to the city wall as to set light to the wood- 
work of the enemy’s siege equipment, Still, they could well have been used in 
close-quarter combat too. 

But did these events, occurring in the early years of the + 12th century, really 
constitute the first appearance of the fire-lance upon the stage of warfare? It has 
been customary to think so. But in 1978 an unusually important discovery was 
made by Clayton Bredt in the Musée Guimet in Paris.* There he found a painted 
silk banner from Tunhuang, doubtless one of Paul Pelliot’s acquisitions, which 


* Cf рр. туой. above. 

> Show Ghhéng Lu, Choa, p. Ga, tr. auct. Cf. p. Ba. 

^ Sung Shihy ch. 477, p. ба, tr. auct; Cf Peng Chia-Shéng (7), pp. 68-9, (б), pp. 22-3. 

* ‘The wood and metal radicals are interchangeable. it should be possible to find out in what texts at what 
date the metal radical first began.to replace the wood one, but how much light that would throw on the history 
of technology we would hesitate to.sav. And the same applies to the stone and fire radicals in páao!!- H, about 
which there has been some debate in the past. 

° Here we see the us¢.of an expendable animal. as described on p. 2:1 above 

" Li'Héng was one of the chief generals on the Jurchen Chin side. 

2 Dr Brede kindly reported it to one of us (УУ, L.) in a letter of 27 January that усаг. 
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dates from the middle of the + 10th century,* and which may well contain, as he 
himself said,” ‘the earliest representation of a Chinese pyrotechnic weapon’. The 
painting“ portrays the assault of the demon Mara! and his cohorts on the medi- 
tating Buddha, seeking to distract him from his attainment of understanding of 
the nature and mechanism of the universe, and to prevent his enlightenment 
(Fig. 44). Although the figures in the painting are all supernatural beings a 
number of them are dressed in military armour and bear weapons—reflex bows, 
and straight double-edged swords, in particular—which are reasonably accu- 
rate depictions of late Thang arms. The weapon which is important for us here, 
however, is a fire-lance, namely a long pole with a cylinder at its end from which 
issue flames that shoot forward. They do not go upward like a torch, as if there 
were no pressure behind them, but rather blaze forwards as if from a flame- 
thrower containing rocket composition— which was exactly what the fire-lance 
was. The figure holding this is a devil with a head-dress of three serpents (Fig. 
45), and he is pointing it to the left about the level of the upper part of the 
Buddha's halo. Just below him to the left there is another devil with a serpent 
entangled in his eyes and mouth, who seems to be about to throw a small bomb 
or grenade from which flames are already coming out. Many other features of 
great interest occur in the painting, but we cannot discuss them here.’ 

If the dating is right, and there is no reason for doubting it, the implication 
can only be that the fire-lance originated about +950 in the Wu Tai period not 
long before ihe Sung, i.e. some thirty years after the time when we concluded 
(p. 85 above) that the gunpowder mixture was first used in war, namely to make 
a kind of slow-match for a petrol flame-thrower (+919). The transition to a low- 
nitrate gunpowder flame-thrower would thus have been extremely natural, but 
it remains remarkable that (so far as we can see) there is neither mention nor 
illustration of a fire-lance in +11th-century books such as the Hu Chhien Ching or 
the Wu Ching Tsung Yao. For the next picture of the device we have to await 
+1350 or so, the time of the Huo Lung Ching, though then and thereafter there are 
dozens of varieties, which lasted well into the musket era. Perhaps the fire-lance 
was kept extremely secret throughout the rest of the +roth century and all 
through the - rrth;* perhaps gunpowder could not then be produced in quanti- 
ty, and other uses therefore bad the preference. But the iconographic evidence of 
he Buddhist banner seems incontrovertible. 


* According to the archaeological expertise of Dr Robert Jéra-Béaard and his colleagues of the Museum 
staf. 

5 [In what follows we have kept as far as possible to the wording of Dr Bredt’s own letter 

* MG 57-655, no: 8 in the Vandier- Nicolas Catalogue. Ht was no. 315 in the 1976 Exhibition on the Old Silk 
Road. 

* Dr Bredt makes the point thar the Chinese Buddhist frescoes and paintings have hitherto been quite 
insufficiently combed for technological details, which is indeed undeniable. 

* Examples of the secrecy there was in those times have already been given on p. 93 above. 
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Fig. 44. The first depiction (so far as is known) ofa fire-lance, discovered by Dr Clayton Bredt in a silk banner 
of about +950 from Tunhuang, now in the Musée Guimet, Paris (MG 17-655). The scene shows the hosts of 
Mara the Tempter trying to disturb the meditations of a Buddha or bodhisattva. Some of the attackers are 
wearing military uniform, while the fire-lance, a tube belching flame horizontally on the end of a pike-shaft, is 
manipulated by a demon in a loincloth and with three serpent heads coming out of his hair. 
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Fig. 45. An enlarged picture, showing greater detail, of the demon handling the fire-lance in Fig. 44. His 
colleague just below him to the left (with a serpent passing through his mouth and both his eyes) appears to be 
about to hurl a flaming ball, no doubt a weak-casing bomb. 


Returning now to the texts, the majority of the evidence comes from the 
+13th century, that very one which (on all present indications) saw the birth of 
the true barrel-gun and cannon. We have already encountered (p. 171 above) a 
key text from +1232, when Chhihchan Ho-Hsi was commanding the Jurchen 
Chin troops in the defence of Khaiféng.* 


They also used ‘flying-fire spears’ (fei huo chhiang') filled with gunpowder, in order to 
discharge flame. Upon ignition, the flames suddenly shot forward more than ten paces, 
and no one dared to go near them. The Mongol soldiers feared only these two things, 


i.e. the cast-iron thunder-crash bombs and the fire-lance flame-throwers. This 
is the passage which caused so much confusion in the later literature since 
St. Julien in 1849 translated the technical term as ‘flying fire-arrows’ and inter- 
preted it as meaning rockets.” This was a grave mistake.° 


а Chin Shih, ch. 113, p. 194, tr. auct. 

^ Here is a classic case of the ‘uncertain hyphen’, for it was ‘flying-fire lances’, not ‘flying fire-arrows’. St. 
Julien took the text from T'CK M, pt. 3, ch. 19, pp. 492 ff. His translation (8) appeared in Reinaud & Favé (2). 
р. 289. Cf. Reinaud & Favé (1), p. 190; Wang Ling (1), p. 172; Féng Chia-Shéng (6), p. 68; Davis & Ware (т), 
р. 525. Hassenstein (3), got it right; but Lu Mou-T€ (т), p. 32 thought that iron cannon were meant. 

© But it runs through the whole of the literature, from Grosier (1), vol. 7, pp. 1761. to Jacob (4), 
рр. 154—5. And it is still perpetuated, as by Н. Franke (24), p. 171, and Sun Fang-To (1), pp. 1, 3, 16. The 


' RK 
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In the following year fire-lances figured largely again in an engagement on the 
canals surrounding the city of Kuei- Té! in Honan, where the Chin troops de- 
feated a large force of Mongols. In +1233 a detachment of the Chung Hsiao 
Chiin? (Loyal and Filial Army) prepared to evacuate Kuei-Té in the knowledge 
that the Mongols were coming, and intended to retreat to Tshai. But the com- 
mander, Phuchha Kuan-Nu?, drew up a plan of attack on the positions which he 
guessed that the Mongols would occupy. The text continues:* 


On the fifth day of the fifth month they sacrificed to Heaven, secretly prepared fire- 
lances, and embarked 450 (Chin) soldiers outside the south gate, whence they sailed first 
east and then north. During the night they killed the (enemy) guards outside the dykes, 
and reached the Wang family temple. Then they got to the north gate and waited, but 
the Mongols, fearing a defeat, retired in part to Hsiichow. However, at the fourth night 
watch there came an attack, in which at first the Chin troops gave way; but (Phuchha) 
Kuan-Nu divided his small craft into squadrons of five, seven and ten boats, which came 
out from behind the defences and caught (the Mongols) both from front and rear, using 
the fire-spouting lances {Auo chhiang thu ju). The northern army could not stand up to 
this and fled, losing more than 3500. men drowned. Finally their stockades were burnt, 
and our force returned. 


Here the five-minute flame-throwers seem clearly to have been used as close- 
combat weapons, as well perhaps as incendiaries for wooden defence works. The 
same account gives details of how they were made in Phuchha Kuan-Nu’s time, 
but we postpone it for a moment in order to dwell first on other battle relations. 
By +1257 we have the complaints of Li Tséng-Po about the inefficiency of the 
Sung arsenals administration (already translated p. 174 above}, in which he 
mentions fire-lances. Then two years later there comes an important statement 
about inventions made in the arsenal at Shou-chhun-fu"', which suggests that the 
‘boys in the back room’ were more active than the clerks in the issuing office.” 


researches of the latter raised an interesting рони, however; it may just be that the flying-fire lances of +1292 
shot out arrows as well as flames. Sun noticed that the texts of two modern authors who tried to improve the 
dynastic history of the Mongols used a slightly different phrase-—phén hua chien thung*, i.e. tubes which spurted 
arrows às well as fire. This would fix an early date for the appearance of arrows as co-viative projectiles (cf. 
p. 230 helow), The two books concerned were the Méng Wu Erk Shih Chi5 (History of the Mongols) by Thu Chis 
1912), ch, 29. p. raa, and.the Hsia Yuan Shit”. (New History of the Yuan Dynasty) by Kho Shao- Min? (1922), 
ch. 122, рр. 32, 4а. But neither of these works has authority as high as the Chin Sazh and the Yuan Shit 
themselves, so unless. their authors had access to old records not generally available, chéir military nomencta- 
ture is not very sure. Опе point that makes us suspicious is that we have not found the word pén? in any of the 
contemporary texts, though it does frequently occur in the later military compendia from the Hus Lung Ching 
орага So the patter mist remain in doubt. But whatever the weapons were, they were not rockets: 

The American National Aeronautics and Space Administration (NASA). Museum and Exhibition at Clear 
Lake City, Texas. ina very laudable effort to do justice to Chinese ‘priority, displays a painting showing the 
‘rockets’ of +1232 being let off by soldiers from basket launchers (cf. p. 488 and Fig. 198). So once again the 
raistake is perpetuated. : 





* Chin Shik, ch. 116, p. 124, b, tr. ашё, > Sung Shih ch. 107, p. 152, tr. auct. 
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One of these was the ‘box-and-tube crossbow’ {Кап thung mu nal, i.c. the magazine cross- 
bow) which was very convenient and steady (for loading and firing), and could also be 
used at night (because the projectiles fell into place automatically).* The other was the 
‘flame-spurting lance’ (chu huo chhiang?). A bamboo tube of large diameter was used as 
the barrel (¢hung*), and inside it they put a bundle of projectiles (lit. a nest of eggs, tzu 
kho^). After ignition, and when the blazing stream of flame was ending, the bundle was 
shot forth as if it was а trebuchet projectile (pAao*), with a noise that could be heard 
more than 150 paces away.” 


Presumably the bundle disintegrated as it flew, sending the objects, whether 
fragments of metal or pottery, pellets or bullets; in all directions. In any case this 
is one of the earliest references we have to co-viative projectiles,” but we doubt 
whether the invention was really new in +1259.“ 

The epic story of the relief of Hsiangyang by Chang Shun and Chang Kuei 
has already been given (р. 174—5 above), and it will be remembered that all the 
ships of their fleet were provided with fire-lances to repel boarders. That was in 
* 1272. Four years later we have an account of a battle of the Sung against the 
Mongols which emphasises the lance aspect of the fire-lance. Bayan (Po Үсеп?) 
when invading the Sung territory, ordered one of his officers, Shih Pi’, to attack 
Yangchow; the garrison commander, Chiang Tshai?, led a sortie to surround the 
Yang-tzu bridge, but suffered a great defeat. Then 


Chiang Tshai returned with his men by night, but thrice Shih Pi was victorious. At 
daybreak Chiang Tshai, seeing that Shih Pi's troops were few, pressed an attack, but 
Shih Pi resisted furiously. Two (Sung) cavalrymen rushed at him to pierce him with 
fire-lances, but he so defended himself with his sabre that to left and right every man fell; 
and he himself personally killed more than a hundred... .* 


This shows that the lance or pike to which the barrel of the weapon was attached 
was a very real arm in itself, and could be used when the flames and projectiles 
of the latter. were all spent. It may be of significance that the word chiang? 
here is once again (cf. p. 222) written with the metal rather than the wood 


* This has been discussed already in Vol, 5. pt. 6, Sect, 30 e (2), iv above. 

^ Le., some 250 yards. 

Brock {1}, p.232, describes a Roman candle mortar throwing out discrete balls of half-combusted rocket 
composition, and elsewhere (pp. 206 ff.) discusses ‘shells’ containing a ‘Alling charge’ and shot off (or эр} by a 
"lifüng charge’. But we agree with Partington (5), pp. 246-7, that the Chinese projectiles were solid objects, as 
in the many later cases where the expression £z» kho occurs. 

"The fire-dance was so unlike anything used in modern umes that La Mou-Té (11 p. 36, may well be 
excused for supposing that the Shou-chhun arsenal was making guns with truly propellant gunpowder. Von 
Lippmann (22). in (3), vol. +, p. 133, understood it better, but believed that the projectiles were only "Brand- 
sazklümpfchen' ie. balls of combustible and incendiary material; we doubt whether the text will bear this 
interprétation. Where he went far wrong, however, was in his view that Chinese firearms never got indepen- 
dently beyond this stage. 


© Унап Shih, ch. 162, p. tib, tr. auct. 
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radical, but it would be quite dangerous to deduce from this that there were no 
metal tubes in use before +1276. : 

Lastly we return to the precious description of the making of fire-lances about 
+1230, written a century or so later, at a time when they were certainly still in 
use. The Chin Shih says:^ 


The method of making (fire-)lances was to take (thick) ‘imperial yellow’ paper and to 
make it into a tube (with walls composed of) sixteen layers, about two feet long. It was 
then filled (with a mixture of) willow charcoal,? iron in the form of powder, porcelain 
fragments, sulphur, arsenious oxide (phi shuang'), and other things." It was then bound 
with cords to the end of the lance. Each soldier carried with him, hanging down (from 
his belt) a small iron fire box (of glowing tinder) 3 At the appropriate time during com- 
bat he lit (the fuse), and the flames shot forth from the lance head more than a dozen 
fcet. After the composition had burnt out the tube was not damaged. When Pien-ching 
(i.e. Khaiféng) was being besieged (in +1126) these (fire-lances) were used a great аса,“ 
and they still are today. 


Here the omission of the essential constituent, saltpetre, may or may not have 
been deliberate, but we can be quite sure that it was present. The enemy was 
probably blinded and confused by the sparkling of the *Chinese iron' (cf. p. 141 
above). The tubes seem rather short, but that was perhaps the best length that 
paper would stand; and the use of paper is doubtless surprising in itself for those 
who do not know that in suitable conditions a paper like carton can be made, 
strong and hard enough even to be used for protective combat armour." Perhaps 
in the northern part of the country there was not enough bamboo available for 
tubes of the necessary calibre. At all events, this passage forms a good transition 
to the types of fire-lances which we are now in a position to examine. And as we 
proceed to do this, it may be well to recall that the fire-lance had become the 
possession of the Arabs by about +1280 (as the book of Hasan al-Rammah, 
p. 42 above, shows). With three centuries of Chinese experience behind it, this 
can hardly be conceived as anything but derivative. 

It is possible also to find references to the fire-lance in poetry. For example, 
Chang Hsien? (fl. +1341) wrote a number of poems on military subjects, and 
one of them is entitled Fu Yang Hsing* (On Soldierly Proceeding? at Fu-yang).® 
It goes as follows: 


a Ch. 116, p. 126, tr. auct. 

b Lit. ‘ash’, as often in these texts. 

* A noteworthy expression. 

9 Chiin shih ko hsüan thieh kuan tshang huo?. 

© Of course the writers may have been thinking more of +1232. 

г See Vol. 5, pt. 1, pp. 114 ff. and pt. 8, Sect. зо / (2), iii. 

= [n his Yü Ssu Chi? (Jade Box Collection), ch. 3, p. 272 (р. 765-1). Fu-yang was in Shantung province. 'The 
poem was first noted by Wang Ling (1), p. 172; but he interpreted it as referring to bombards, which the 
context shows can hardly be right. 
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The general mounted his horse, and flourished his gold-painted whip, 
On the mountain-top the white flags were like birds flying. 

Westwards came cavalry in thousands, crowding like bees, 

And the sound of the drums echoed from all four quarters. 

'The Tartar town was defended around by a palisade 

And the Chin people lurked behind great wooden stakes 

Boasting that five hundred fierce commanders guarded it withal. 

When the iron gate (of the entrance) did not open 

Fire-barrels (uo thung!) were used to attack and burn it. 

Soon the strength of the Tartars (hua yao?) ebbed, and their soldiers fled, 
From north to south of the town there were puddles of blood, 

And the clouds were red for the space of ten li afar 

As the flames set by the flying fire-crows (fei huo уа?) enveloped the town.? 
Our brave general drinks a cup, and forbears from chasing the enemy, 
Letting his men just pillage the homes and household goods 

Of the three hundred contumelious barbarian families. 


Here the focal point is evidently flame-throwers rather than metal-barrel guns. 
But if the reference is indeed to the wars between the Chin Tartars and the 
Mongols, as it seems to be, the poem must refer to some episode before +1234, 
the date of extinction of the Jurchen Chin dynasty. Chang Hsien need not have 
been giving an eye-witness account, but rather depicting an assault of the pre- 
vious century which was part of the heritage of Yuan tradition. 

The prototypic fire-lance is the weapon named in the books li hua chhiang* 
(pear-flower spear),? and consisted simply of the tube of low-nitrate gunpowder 
attached to the business end of a lance or pike. According to the descriptions:* 


A pear-flower tube? is bound tightly to the end of a long spear, and ignited when face to 
face with the enemy. As it burns (the flames) shoot forth as far as several dozen feet.* 
Anyone that gets in the way [of its chemic force] is inevitably burnt to death; and after 
the fire has ended, you can still use the spear-point to pierce the enemy through. It is the 
best of all fire-weapons. [In the Sung, Li Chhüan? always used it in his heroic exploits in 
Shantung, where there was a saying that with twenty (loyal) pear-flower spearmen no 
enemy would be left in the world.] /This technique was for some time lost, but Hsü 


a We take this as a reference to incendiary birds (cf. p. 211 above). But it could be purely and simply 
poetic, or alternatively it could just be a reference to incendiary arrows (p. 154 above) or even rockets (p. 502 
below). 

> The term ‘pear-flower’ was probably a reference to the flame thrown out, expanding like a flower. 

* HLC, pt. 2, ch. 2, p. 244; Wu Pei Huo Lung Ching, ch. 2, p. 306; WPC, ch. 128, pp. 35, 4a; CHTP, ch. 13, 
р. 634, b, quoted verbatim in STTH. The portions of text in square brackets are from WPC, and CHTP adds 
the portion in italic square brackets. Cf. Davis & Ware (1), p. 524. 

3 This could have been a kind of firework like a Roman Candle; evidently the material of which it was made 
needed no further explanation. 

* This may have been a slight exaggeration. 

f This comes from Sung Shih, ch. 477, p. 186 (copied in Pa Pien Lei Tsuan and other places); but what Li 
Chhüan's wife Yang Miao-Chen® (herself a military commander at times) said to one of his officers Chéng 
Yen-Té? was slightly different: ‘After using the pear-flower fire-lance for twenty years past, there is no 
enemy left in the land.' But now times had changed, and new alliances had to be sought, etc. 
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Kuo!, a Repayment Clerk in the Administrative Commission office, re-discovered it and 
successfully tested it, so that it was again brought into standard use./* 


None of the sources savs what the material of the tube was, but bamboo is the 
most likely, rather than paper or leather (Fig. 46). 

Li Chhüan (b. c. +1180) was an intriguing and enigmatic figure, a military 
adventurer who rose to the command of very substantial forces, part brigands, 
part rebel guerrillas, and for some twenty years played off the Sung, the Chin 
Tartars and the Mongols against one another. His army was known as the Red 
Jackets (Hung Ao’). In +1213 he joined forces with a similar character, Yang 
An-Kuo!, and became his brother-in-law. Shantung province was at this time 
debatable land, and first Li Chhüan won and held it as a kind of Lord of the 
Marches for the Sung, then later went over to the Mongol side and died besieg- 
ing Yangchow on their behalf in +1231. He was closely associated with the use 
of the fire-lance in combat. 

The ‘pear-flower spear’ appears again in the section on spear play in Chhi 
Chi-Kuang's? Chi Hsiao Hsin Shu (New Treatise on Military and Naval Efficien- 
cy) of +1560.” He says that the best school of practice with the long spear comes 
from the Yang tradition (presumably referring to Yang An-Kuo*, d. +1215); it 
surpasses the Sha’ school of short-spearmariship and the Maë school of pike- 
manship. Chhi does not positively say that all pear-flower spears have flame- 
thrower tubes attached to them, nor do his illustrations show this, but he does 
refer to earthquake and thunder in connection with them, so he may have been 
wrapping something up. On the other hand it may be more likely that the later 
simple spéar acquired that name from the fact that it had once been a fire-lance, 
before these were abandoned in favour of hand-guns and muskets. Otherwise 
one could hardly explain the nomenclature. 

Parallel to the fire-lance was that other Sung device called the “fre-tube’ (huo 
thing?) One account of it, in the Hsing Chin Hsü Chih’ of about + 1230, describes 
it as a short section of large-diameter bamboo, so it was most probably also 
essentially a flame-thrower, differing from the fire-lance mainly in that it was 
held directly in the ‘hand, often being provided with a wooden handle or ‘tiller’ 
(cf. Figs. 48, 50, 61) not attached to the head of a spear. Co-viative projectiles 
were already in the fire-lance. by that same date, the time of Phuchha Kuan-Nu, 
as we have just seen (pp. 221, 226 above), and the "flame-spurting lances’ (thu Aue 


а "This seems somewhat garbled. Най Kuo. was in fact a scholar-officiai sent north by the Sung government 
ик +4299 as Commissioner (in succession to Chia Sh&) to-hold together the quasi-bandit irregulars under Li 
Ohhüad in Shantung, and keep them loyal to the Surig against the Chin Tartars. After his assassination in 
+1225 it was not long belore Li had to give in to the Mongols and enter their service with his troops. What the 
story probably means, therefore, is that : Heit Kuo transmitted various forms of know-how regarding fire-tances 
from Li's military éügineers to those of the Sung ii the south. 
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ont ed ofa lance or pikë, t£ would act as а three-iminute flamethrower. Fram ALC, 
pt. 2, ch. 2, p. 344. 








232 30. MILITARY TECHNOLOGY 


chhiang!) of +1259 only confirm it. The projectiles had almost certainly not been 
present in +1132 (p. 222 above) or earlier. Exactly when the fire-tube followed 
suit remains uncertain because we cannot tie down the date at which that itself 
appeared. 

In the early c 14th century, when the material of the Huo Lung Ching was 
being collected, fire-lances and fire-tubes came in many versions and had many 
different names. One case where we can be sure that the tube was of bamboo is 
that of the ‘sky-filling spurting-tube' (man thien phén thung?).^ The description 
(Fig. 47) says:> 
A tube is cut from average-size bamboo, taking two internodes for length, and wrapped 
round with layers of cloth and glue, like the hoops made for barrels by coopers. For the 


gunpowder a mixture of saltpetre, sulphur, (charcoal) and arsenious oxide is used. The 
tubes are then fastened to the heads of long lances, and let off when defending city-walls. 


Other accounts all say that fragments of broken porcelain were also included.* 
That five-minute flame-throwers of this kind were very common in the first 
part of the +14th century appears from the memoir entitled Liu Po-Wén Chien 
Hsien Phing Ché Chung* (The Pacification of Central Chekiang (Province) by the 
Able Officers recommended by Liu Po-Wén), in the Hsi Hu Erh Ch? already 
mentioned (р. 183). Liu Chif, опе of the putative authors of part of the Huo Lung 
Ching itself (p. 25 above), campaigned in Chekiang as a Yuan general between 
+1340 and +1350 against both inland rebels and coastal Sino-Japanese pirates. 
The memoir depicts two fire-lances or fire-tubes, a man thien yen phén thung’ (sky- 
filling smoke-spurting-tube),? and a fei thien phén thung? (heaven-flying spurting- 


tube).* The first shot out bits of broken porcelain and generated a lachrymatory · 


smoke, the second produced balls of arsenical poison amidst the flames. These 
are clearly similar to the device just described, but also to several others in the 
military encyclopaedias.! This gives us independent confirmatory evidence for 
the practical and large-scale use of these low-nitrate gunpowder flame-throwers 
in several decades of the first half of the + 14th century. 

Devices of this kind continued to proliferate far into the t 17th century, long 


^ [t may be noted that the term phén thung could also refer to a force pump for liquids, as in the case of the 
‘magic water-spouting tube’ (shen shui phén thung?), which syringed out a mixture of lime, poisons and malodor- 
ous substances upon the enemy (cf. PL, ch. 12, p. 38a, 6; WPC, ch. 129, p. 10a, b). This might have had some 
use in defending city walls. On syringes in China see Vol. 4, pt. 2, p. 144. Of course gunpowder supplied its 
own expansive and expulsive force. 

> Huo Lung Ching (Huo Chhi Thu), p. 245, tr. auct. 

* E.g. PL, ch. 12, p. 36а, b; WPC, ch. 129, p. 4a, b. 

3 Hsi Hu Erh Chi (р. 333). On Liu Chi see p. 25 (b) above, and Vol. 2, pp. 360, 388, Vol. 3, p. 493. 

* Ibid. (p. 334). It may be worth emphasising once again how rare are pictures of military weapons in any 
sources outside the technical military compendia. 

f E.g., for the first, cf. the tu yao phén thung? (poison spurting-tube) in HLC, pt. т, ch. 2, p. 32a, b; WPC, 
ch. 129, pp. 24, 3a, b. As for the second, it appears again under the same name in PL, ch. 12, p. 35a, b; CHTP, 
ch. 13, p. 50a, 6. The captions are all similar in wording. 
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Fig. 47. Another fire-lance, the ‘sky-filling spurting-tube' (man thien phén thung), from HLC (HCT), p. 245. The 
tube was of bamboo, and the mixture contained both poisons and fragments of broken porcelain, which issued 
forth along with the flames of the burning gunpowder as co-viative projectiles. 
after the development of the true gun and cannon— more than four centuries, 
indeed, after the first of these. One can see in them a veritable series of steps 
which would lead in the end to high-nitrate gunpowder exerting its propellant 
effect upon a projectile that filled a whole bore of the tube. Among the weapons 
of fire-lance type mentioned in the Wu Pei Chih (+1621) is the ‘poison-dragon 
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magically efficient fire-spurting tube’ (/u lung phén huo shen thung').* It consists of a 
bamboo tube emitting poisonous flames, and was recommended, as usual, for 
defending city-walls. Then come the co-viative projectiles again, in their most 
highly divided small-particle form. The 'empvrean-soaring sand-tube' ( fei Khung 
sha thung*) sends out flame and sand from a bamboo tube, with the intention of 
causing blindness when it gets into the eyes of the enemy.” Another similar 
weapon described also in the Fire-Drake Manual is the ‘orifices-penetrating 
flying-sand magic-mist tube’ (Isuan hsüeh fei sha shen wu thung?) © which spurts out 
flame, sand, poisons, sal ammoniac and many other chemicals (Fig. 48).? With a 
favourable wind, it is said, the mixture will exert its effects several // away, and if 
soporific drugs are added the enemy will not awaken so that they can easily be 
attacked. However that may be, the use of fire-lances primarily for generating 
smoke-screens ог poison-smokes must go back rather a long way, for the Wu Lin 
Chiu Shih (written in +1270 concerning events around +1170), speaks of impe- 
rial army drill demonstrations in which smoke lances (yen chhiang*) were used." 

It will have been noticed from the preceding paragraphs that arsenical com- 
pounds were often ejected with the flames of fire-lance flame-throwers, and that 
was only one aspect of a tendency to mix poisonous substances with gunpowder 
which runs through all the formulae in Chinese texts from the +11th century 
onwards (cf. pp. 118, 123, 125). An almost contemporary experience of this 
can be found in the book of Mildred Cable and Francesca French,! two British 
missionaries who lived and worked in Sinkiang during the days of the warlords 
Ma Pu-Fang and Ma Chung-Ying. In 1930 they were called upon to treat some 
soldiers whose wounds had been caused by ‘fire-arrows’ (more probably fire- 
lances) discovered in the old disused arsenal at Hami. "These wounds were sep- 
tic, and the flesh was charred as though burned by some chemical.’ The sugges- 
tion of Cable and French that it was due to phosphorus is highly improbable, 
but mercury, often as the sulphide or one of the chlorides, was commonly used in 
such compositions. in addition to arsenic,* and that could well have led to the 
effects described ^ 

And now we come to another great turning-point, the first appearance of the 
metal barrel. Ht is of cardinal importance that this occurred in connection with a 
flame-thrower and co-viative projectiles, not with high-nitrate gunpowder and 

© ИРС. ch. 129, р. за, à. 

* WPC ch. 129. pp. 2a to Ba. 

Hua Глав Ching pt. i, ch. 2. p. 344, å, Hue СЫН Thu, p. 25a and HPC, ch. 129, pp. 86. aa, ё. 

3 The word азай? used here is the:same as that for the acupuncture-poinis. but che meaning was probabiy 
just the'eves; nose and ears. See Lu Gwei-Djen & Needham (3); pp. 13. 32. 

* Ch. 2, p. 2a (p. 358): GE also what has been said above concerning coloured smokes in the sub-section ori 
fireworks (pp. r44 f above}. 
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ce designed to send ou g dust together with sal ammoniac and poisonous 
is along with the Hames (cf. Figs. 26, 27). lt was named the ‘orifices-penetrating flying-sand magic- 
mist tube" {tsuan Asüek fei sha shen wu thing); HEC. pt. 3, chi 2, p. заа. апа BCT, p. 25a. 





an occlusive shot. The date is very difficult to fix, but the fact that the following 
description occurs in the first part of the Huo Lung Ching puts it in the earliest 
stratum of the weaponry there assembled, so that it must be before. about 
+1350, and was probably as old as +1200, if we take into account all the other 
historical data we have. The name of the device was the ‘bandit-striking penc- 
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trating gun’ (chi tsei pien chhung!),? and the Fire-Dragon Manual describes it as 
follows (Fig. 49):° 


The barrel is made of iron, 3 ft long, with a stock or handle 2 ft long, and the weapon is 
used by foot-soldiers. It has a range of 300 paces.* The enemy can be shot with pellets (at 
a distance) or struck with the gun itself (at close quarters), and the device is very useful 
because of this dual function. 


We shall soon see other examples of metal-barrel flame-throwers. 
Next we may consider a bottle-shaped flame-thrower called the ‘phalanx- 
charging fire-gourd’ (chhung chen huo hu-lu^). The Huo Lung Ching (Fig. 50) says: 


Its shape is like a bottle-gourd, and the interior forms the (ignition) chamber of the gun 
(chkung*) holding lead pellets and 1 shéng of ‘poison gunpowder’ (tu Ашо“). The stock, 
made of hard wood, is 6 ft long. In action it is wielded by one brave soldier, in between 
men holding ‘fire shields’, right in the front line. When enemy positions are charged 
with a detachment of such weapons, they cause panic among both men and horses. It is 
an efficient weapon for cavalrymen as well as foot-soldiers. 


None of the sources tells us what the gourd itself was made of, but rather than 
being carved out of wood it is perhaps more likely that it was fashioned from 
metal. In this case we should very much like to know whether its bore was 
uniform inside or whether it followed the outer shape. This raises the question of 
the vase-shaped or ‘ampulliform’ bombards, which we shall have to discuss later 
on (p. 289); a significant common trait between China and the West. 

Besides flame, posion, sand, porcelain fragments and metal pellets, the flame- 
throwers were also used to discharge arrows. This was another step on the way 
to the true gun or cannon, and it has the special interest that the earliest depic- 
tion of bombards in Europe (+1327, see Figs. 82, 83) shows them firing off 
arrows. But the Chinese illustrations usually draw the tubes with parallel or 
divergent straight sides rather than the bulbous vase-shaped forms of Walter de 
Milamete, though these were certainly known and used in China too, as we shall 
duly see (p. 329 below). Since nothing is ever said (in so many words) about the 
occlusion of the bore by a plug at the rear end of the arrow,’ one supposes that it 


* Two things are noteworthy about this name. First, pien was the ancient term for stone acupuncture 
needles, so the idea of the penetration of the projectile here had a very long literary background (cf. Lu 
Gwei-Djen & Needham (5), pp. 1, 70-1). Secondly the term chhung, afterwards universally used for the true 
gun and cannon, is seen now coming in. 

^ HLC, pt. 1, ch. 2, p. 18a, b. Huo Chhi Thu ed. p. 18а; tr. auct. 

* This would mean 1500 feet or 300 yards, so it looks like a considerable exaggeration. The flames reached 
only 20 or 30 feet at most (p. 228 above). The pellets would hardly have had high velocity either. 

d HLC, pt. 1, ch. 3, p. 14a, b; Huo Chhi Thu ed. p. 324; WPC, ch. 130, p. 254, b; tr. auct. 

* See p. 180. 

© We shall return to this subject shortly (p. 414 below). 

* But some versions of the pictures seem to make an attempt to show what may have been a plug or wad, 
e.g. the illustration of the ‘single-flight magic-fire arrow’ in HLC, pt. 1, ch. 2, p. 25a (Fig. 51). And in other 
cases some kind of wad may be implied. 
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Fig. 49. The first of all metal barrels, not for high-nitra 
low-nitrate flame-throwing fire-lance and small co-viativi 
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Fig. 51. Arrows as co-viative projectiles; the 'single-Bight magic-fire arrow’ (tan fei shen Ацо chiea), from HLC, 
рї. i; ch. 2, p. 254. One can see here what may have been an attempt to depict a plug or wad filling the bore at 
the base of the arrow; if so the device тау have approximated to a true gun (a ‘proto-gun’, cf. p. 251), but there 
is no evidence that the gunpowder was filled in only behind it. 
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was just shot out by the force and rush of the rocket-composition burning in the 
enclosed space (cf. p. 480). One can see this situation, for instance, in the 
‘single-flight magic-fire arrow’ (tan fei shen huo chien'). The Huo Lung Ching says 
(Figs. 51, 52): 


Use a barrel 3 ft long cast from high-grade bronze and designed to take only a single 
arrow. Put 0-3 oz. of ‘blinding gunpowder’ (fa yao”)° as charge into the barrel before 
firing, whereupon the arrow is sent flying like a fiery serpent, with a range of between 
200 and 300 paces. It can pierce the heart or the belly when it strikes a man or a horse, 
and can even transfix several persons at once. 


In the Huo Kung Pei Yao edition of the Fire-Drake Manual the caption indicates 
that the arrow-head should be tipped with bear or tiger poison.* 

Then the ‘magical (fire-)lance arrow’ (shen chhiang chien?) described in the Huo 
Lung Ching, the Ping Lu and the Wu Pei Chih, discharged amidst the flames not 
only an arrow but lead pellets as well. These were contained in some kind of 
wooden tube or holder (mu sung tzu") which conceivably acted as a plug or wad. 
The weapon is said to have been acquired or developed when the Ming sent an 
expeditionary force to Annam;$ this would refer to the campaigns of +1406 and 
+1410 under the able generals Chang Fu? and Chhen Chhia$. The special point 
about the device was that it was made of the very hard and heavy iron-wood 
(£hieh-li-mu?), probably the barrel as well as the tiller." Again, the arrow is said to 
have a range of about 300 paces. 

The ‘awe-inspiring fierce-fire yaksha gun’ (shen wei lich huo yeh-chha chhung?)! of 
the Fire-Drake Manual (Fig. 53) discharged multiple arrows together with 
strong poisoned flames. Its barrel was bound with rough cloth and many turns 
of iron wire, and its arrows came from a cradle ejected at the same time. This 
once again may well imply a plug or wad filling up the bore.* 


* On the other hand the ranges given, up to 300 paces (500 yards), suggest (if they are not optimistic 
exaggerations) a primitive gun with fully occluded bore rather than co-viative projectiles sent out with the 
flames of a fire-lance. With that one would expect at most only a tenth of such a distance. Evidently we are here 
trembling on the verge of the true gun. 

^ HLC, pt. t, ch. 2, p. 255; Huo САМ Thu ed. p. 215; tr. auct. Cf. WPC, ch. 126, pp. 155, 16a. Davis & Ware 
(1), p. 533. 

Cf. p. 180 above. 

Again this may be an exaggeration. 

Huo Kung Pei Yao, ch. 2, p. 254, b. 

HLC, pt. 1, ch. 2, p. 23a, b; Huo САМ Thu ed. p. 206; Huo Kung Pei Yao ch. 2, p. 23a, b ch. 11, 
рр. 374-385; and WPC, ch. 126, pp. 95, 10а. 

8 Cf. p. 311 below. 

^ We have come across this before, in Vol. 4, pt. 3, p. 416, in connection with shipbuilding. It may have 
come from palm-trees of Kuangtung and Annam such as Sagus rumphii or Arenga engleri; or it may have been the 
Mesua ferrea of Kuangsi, or the hemlock-spruce Tsuga sinensis. 

* This name was derived from the ogres of Buddhism (and India) called yaksa, supposed to devour human 
beings at night. 

J HLC, pt. т, ch. 2, p. 194, b; Huo САМ Thu ed. p. 185. 

* The text says: yung chien mu chhé wei fa-ma?; use a block of hard wood to make a common cradle. 
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Fig. 52. The picture of the same device ( 
description of the penetrating power of the 
other hand, some versions indicate that th 


Fig. 51) from HCT, p. 215; there is no sign of any wad. But the 
arrow suggests propellance rather than co-viative discharge. On the 
€ arrow-head was tipped with tiger-poison, so that its speed of flight 


need not have been great for it to do much damage. 
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Fig. 53. Another fire-lance discharging arrows, the ‘awe-inspiring fierce-fire yaksha gun’ (shen wet liek kuo yeh- 

chha chhung), from HLE, pt. 1, ch. 2, р. 192. The ‘cradle’ which held the arrows can be seen in the illustration, 

bur it is. not clear whether it occluded the bore, or whether, iit did, the gunpowder was filled in only behind it. 
Tt may have been a proto-gun, but its name is not very significant in this regard, 
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The ‘lotus-bunch (i pa lien’) emitted flame and many small arrows, but its 
chief interest lies in the fact that it was the only other one of the whole series of 
arrow-firing flame-throwers which had a bamboo barrel (Fig. 54).* This was 2 ft 
5 in. long, with all the septa removed except the end one (which was protected 
by clay), and a metal ring at the mouth. Outside it had to be bound with many 
layers of hempen cord, and cloth soaked in a saturated solution of alum to pro- 
tect against the fire. Here there is no sign of a plug or wad. 

The fire-tube or spurting-tube naturally took some considerable time to be 
reloaded after firing (when it was feasible to do this at all), so for dealing with 
enemy soldiers at close quarters the fire-lance remained the weapon of 
preference—just as in the West bayonets were fixed to muskets four hundred 
years later, from about +1650 onwards.” The prototypic ‘pear-flower lance’ (E 
hua chhiang*) described above (pp. 229 ff.) was soon elaborated in various ways. 
For instance, the number of barrels could be increased, and indeed the fire-lance 
{huo chhiang*) as such, of the military compendia, had twin flame-thrower tubes 
(Fig. 55). When one of these was burnt out, a fuse automatically ignited the 
second, thus prolonging the flames, and after that the halberd-like blade, knives 
and hooks of the lance-head came into play. 

We can also illustrate these fire-lances from a little-known source, the Chhé 
Chhung Thu? (Illustrated Account of Muskets, Field Artillery and Mobile 
Shields), written by Chao Shih-Chén as an appendix to other military tractates 
in +1585. As Fig. 56 shows, he depicts? ‘ten types of weapons for use by soldiers 
accompanying field-guns'. Two of these fire-lances have three barrels each, and 
are called ‘the three-eyed lance of the beginning of the dynasty’ (kuo chhu san yen 
chhiang?), and ‘the miraculous triple resister’ (san shen tang’) respectively. The 
double-tube one is also said to derive from the same time. That would take the 
prototype back to +1368, just the period of the Huo Lung Ching. The inscription 
says that in the kêng-tzu year (+1360) a Taoist of the Kung-té Ssu” temple, more 
than a hundred years old at the time, first made the designs for these weapons, 
and transmitted them to posterity —a statement which links up in an interesting 
way with the Taoist connections described in Chiao Yu's preface (p. 28 
above). 

Of course various types of fire-lances also discharged co-viative projectiles. 
Even with bamboo tubes this was possible, as in the case of the ‘winged-tiger 
gun’ (i Au chhung?). a fire-lance sending forth lead pellets (chAien ian) as well as 


3 & 


* HLC, pt. 2, ch. a, pp. 26a, & 74; Wa Pet Chih, ch. tay. p ба, 6, CE Davis & Ware (1), p. 529. 

^ СЕ Reid (1). pp. 144, 147. 172. j 

© HLC,pt.2, ch. 2, p. 23а, b; WPC, ch. 128, pp. 26, за 
зате as that which generated the ‘axe-pistols’ and ^mace-g 
cf. Blackmore. (4). pp. 36-7, 49. 

* Pp. 45; за. 


17. Davis & Ware (тг). p. 524. The idea here was the 
stols’ in the European + 16th and t 17th centuries: 
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Fig. 54. A bamboo-tube fire-lance emitting many arrows along with the flames; the ‘lotus-bunch’ (i pa lien) 
from HLC, pt. 2, ch. 2, p. 26a. No sign of any wad or cradle. 
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Fig. 55. Fire-lance with two tubes, the second of which ignited automatically when the first one had almost 
burnt out. HLC, pt. 2, ch. 2, p. 23a. 
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Fig. 56. Fire-lances from the Ch& Chung Thu by Chao Shih-Chén (+ 1585}. Double and triple tubes went back 
to the beginning of the dynasty, just the time of che first version of the Huo Lung Ching. 
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flames from three large barrels just behind the spear-point.* The *wasps-nest of 
lead pellets’ (chhien tan i wo Jêng’) however, a fire-tube rather than a fire-lance, 
was carried on a bandolier, and shot out several hundred lead pellets at one 
firing from a metal tube.” This would have been a rather later stage of develop- 
ment. 

Sometimes fire-lances approximated very closely to guns, with parallel-sided 
tubular barrels. For example, the ‘horse-felling fire-serpent magically efficient 
cudgel’ (tao ma huo shé shen кип?) in the Fire-Drake Manual and the Wu Pei Chih, 
is described as follows:? 

It is made of wrought iron in the form of a hollow tube, which holds lead pellets and 
magic-fire gunpowder [mixed with poison-gunpowder]. Jt is 3 ft long and is fixed to a 
wooden stock 4 fi long. Iu practice it is held by a soldier to bring down horses in the front 
line of an attack. {Another way is to have two parallel tubes of iron, one like a musket for 

[ ) parallel t T 

the lead balls, the other for the fire-lance flames; this is very useful in combat.] 

The word kun (cudgel) may remind us of the names ‘fire-stick’ and ‘thunder- 
stick’ used outside China and Europe to denote light Western fire-arms.* 
Curiously, there was also a weapon looking very like a sword, and called the 
"thunder-fire whip’ (lei huo fien*).' This name must have been derived from a 
sword-like object described and illustrated in the Wu Ching Tsung Yao? the ‘iron 
whip’ (thieh pien?), seemingly articulated, and presumably used for bashing the 
enemy about.” But the ‘thunder-fire whip’ was not like this, it was essentially a 
rigid fire-tube in the shape of a sword, made of bronze or iron and tapering to a 
small muzzle. It was 3 fi 2 in. Jong, with a gunpowder charge of 5 in., a small 
hole through the barrel-‘blade’ for the fuse, and a wooden hilt 4 in. long. Only a 
particularly strong man could wield it, and it discharged three lead balls as big 
as coms in diameter. This is a striking instance of a ^skeuomorph'/ In the history 
of technology there has always been a tendency for the shapes of objects in a new 
material to imitate the shapes which they had in older ones; so here, where the 
artisans were dealing with a proto-gun, they felt impelled to make it take the 
shape of that familiar weapon, the sword. 

Somewhat analogous to this was the "vast-as-heaven enemv-exterminating 
ch. 2, p. туа, b; Hua Chio Thu ed. p. 176. 
| p. 34а. 5; WPC, ch. 123, p. 214,8 Davis & Ware (1), t 

*. Known as the *horse-felling firc-cinnon mai dgel (lav ma Aun phac shen 
Ching. 

4 HLC, pt. i, ch. 2, p. зда, #; Hus Chai Thu ed. p. 235; Ws Pei Huo Lang Ching, ch. 2, p. rga, 6; WPO, 
Ch. i28, pp. зоё, 11; tr. auct. Words in square brackets are in the VPC text only. Cf. Davis & Ware (1), p. 
p S 

* Bat when the word ‘stick’ occurs in early European literature, it usually means the handle or tiller on 
which the hand-gun was mounted, as in Stengenbüritse; cf. Partington (3). p. 147. 

© HLC, pi. 1, ch. 2, p gia, 6; Huo Kang Pei Yao, ch. 2, p. 31a, 5 WPC, ch. i 

= WCTY/CC, ch: 13, p. 144, 6 

È Articulation is not distinctly stated, but the drawing stands next io that of a war-fail. Cf. Vol. 4. prc. 
pp. 76. 461 and Fig. 374. 

СЕ VoL 2, p. 468. 
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Yin-Yang shovel’ (tang thien mieh khou Yin Yang chhan'), which had a broad 
crescent-shaped blade at the end, and emitted poison as well as flames and lead 
pellets. More honestly responding to the new technology was the ‘mattock gun’ 
(kuo chhung?), a sort of fire-lance fixed at right angles to a long pole, which was 
used as an extension arm to point the weapon at enemy troops from a high 
position such as a city wall. If they were in fact climbing up 'cloud-ladders' (pt. 
6 g (z), viii above) to attack you, it would have been just the thing. Besides the 
flames it produced six or seven lead shot at a time from a metal barrel (Fig. 57), 
according to the description in the Wu Pei Chih.” 

With the introduction of the metal barrel and lead shot the fire-lance and the 
spurting-tube had almost completed their evolution into hand-guns. One can 
see this from the terminology, where chhiang?, thung^ and chkung? tend to be used 
rather indiscriminately.“ Indeed there are а number of fire-lances in which a 
single ball was used instead of multiple pellets. Whether this single projectile 
still remained co-viative, i.e. whether it failed to fill the bore of the tube com- 
pletely, and whether the gunpowder was still too low in nitrate to exert its full 
propellant power, are questions hard to resolve on the evidence available. But 
whenever only one projectile is mentioned, we may well be justified in believing 
that we see at last the true gun at work. Moreover, there are some particularly 
interesting cases where this was combined with separate flame-thrower tubes. 

For example, the Huo Kung Pei Yao version of the Fire-Drake Manual describes 
a 'sky-soaring poison-dragon magically efficient fire-lance' ( fei thien tu lung shen 
huo chhiang®), saying: 


The lance-head itself measures 1-5 ft in length, and is made either of cast bronze or 
wrought iron; (the central tube) is hollow inside and holds one lead ball. The casting 
also includes two barrels (¢hung*) containing poison-gunpowder* each set 2-5 in. from the 
tip of the spear, and fastened securely to its shaft. (It is also provided with a sharp 
crescentic blade! and a stock like an ordinary lance.) 

When encountering the enemy, at a distance the lead ball can be shot off to hit him, at 
closer range poisonous flames can be projected to burn him, and then in hand-to-hand 
combat the weapon can be used as a (bident) spear to pierce him. Thus one weapon has 
three uses, and nothing can surpass its versatility, 


a НІС, pt. 1, ch. 2, p. 30a, b; Huo Chhi Thu ed. p. 24a; WPC, ch. 128, pp. 125, 13a. 

^ WPC, ch. 128, pp. 155, 16a. 

с The first of these words was eventually transferred to the rifle in China, but the third (read jū) is more 
common for that arm in Japan. Similarly this last was widely used interchangeably with phao" 8 for any piece of 
artillery. 

d НІС, pt. 1, ch. 2, p. 274, b. Huo Сі Thu ed. p. 225. WPC, ch. 128, pp. 45, 5a, changes the order of the 
words in the name. 

* WPC adds other constituents, such as sal ammoniac and tung oil. 

£ WPC adds, ‘smeared with tiger poison’. 

* WPC adds that the wound made by the bullet will be exacerbated by the posion and burnt by the flames, 
finally being infected by the tiger poison on the blade, so that the enemy will assuredly die. This supposes that 
one individual would be sufficiently obliging as to approach steadily and suffer all the effects. Finally the text 
says that the lance is so heavy that it takes three soldiers to manage it. 
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Fig. 57. A fire-lance fixed at right angles to a long pole, suitable for use against soldiers climbing up assault 
ladders; it emitted six or seven lead shot along with the flames. From WPC, ch. 128, p. 155. 


This remarkable device is shown in Fig. 58. The fact that only one shot was fired 
from the central barrel, which had two flame-thrower tubes alongside it, does 
suggest that in the former the ball did fill the bore and that the effect was truly 
propellant; if so, the device was a remarkable intermediate stage between the 
fire-lance and the gun, combining both. A similar synthetic assembly is to be 
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Fig. 58. Firedarice and true gun combined in one weapon, the ‘sky-scaring poison-dragon magically efficient 

fire-lance’ (fei thier tu lang ‘shen ino chhiang), from HKPY, ch. 2, p. 27a, b, HGT. p. 225. The central barrel fired 

only one bore-occluding lead shot, after which poisoned fames issued from the rwo fire-lance tubes, апа 
eventually the bifid lance could be used. 
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Fig. 59. A bamboo gun or cannon wrapped with raw-hide and rattan (preserved from China in British 

S. 59 5 рр 

Museum (Museum of Mankind) no. 9572). 1t is said to show signs of considerable use, but is still in good 
condition (photo Clayton Bredt, 1). 


seen in the ‘magic-mechanism ever-conquering fire-dragon halberd’ (shen chi wan 
shéng kuo lung tao’), in which the chief difference is that the blades curve outwards 
like antennae rather than forwards like horns— but still only one lead ball is 
fired from the central barrel? The fact that both these combinatory devices 
belong to the oldest stratum of the Huo Lung Ching must place them in the early 
part of the +i4th century, if not some distance back in the + 13th, remembering 
always that (as we shall see) the oldest small cannon of standard tvpe belongs to 
about +1290. 

The metal-barrel gun did not fully replace the bamboo-barrel proto-gun im- 
mediately because of the portability and wide availability of the latter. In fact 
the bamboo barrel was not eliminated until long after the introduction of the 
musket soon after the early part of the +16th century (cf. Fig. 59). Here is a 
description of a bamboo-barrel gun bv Mao Yuan-l:? 





Bamboo fire-lance (chu huo chhiang. 

Take a piece of cat-bamboo (mao cu^) 3 ft long, and drill through the septa (to get a 
barrel) like that of the iron ^bird-beak' musket (niao chhiang®). ^t the breech (the solid 
end is protected by) a layer of firmly compressed clay one or two inches thick; and just 
above it a touch-hole (Auo mén’) is drilled for firing by a fuse or slow-match (yao Asien?). 
On the outside the tube is tightly bound with iron wire or hempen string, and sealed 
with earthenware sealing compound, ashes and lacquer. The inside of the barrel should 
be cleaned with a cleaning compound (thang yao"), and then loaded with 0-16 oz. of 
propellant (chi. Азта!) gunpowder followed by a single lead bullet, One aims and 
shoots (with this weapon). It has the double advantage of being light and portable, and 
able to kill ( pi) a man instantaneously, 




















^ ALC, pv t, ch. 2. p. 280, д; Huo Ch z WPC, ch. 138, pp. 95, toa Other examples include 
the chin pa Сабата? (stock-clasping gun? of HEC, pt. :, ch. 2, p. 21a; b; Huo Chii Thu ed. p. 195; Hue Kuang Pei Yao, 
ch. 2, p. ола, 6; which has two barrels on cach side of a trident staff, but we should not be able to interpret it if 
we did пог know fram Ping Lu, ch. 13. p , 5 thar each barrel fires but one single lead shot. Here icis called 
chia ba chhung? (rake-handle-clasping gun) 

^ РС, ch. 128, pp. 55,64; tr. auct. 

* А strong bamboo stem of large diameter frequently used in shipbuilding 
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(cf. Morohashi dict, vol. to, p. 
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Here there can be little doubt that we have left the realm of co-viative projectiles 
(in spite of the name used), but the nitrate can hardly have reached full explo- 
sive strength or the barrel would have burst—as perhaps it sometimes did. It 
would also be somewhat questionable how often the proto-gun could be used 
with fresh charges. 

In medieval China the fire-lances were sometimes mounted in batteries on 
mobile racks, giving the effect of what can only be described as a ‘proto-tank’. 
Although the descriptions do not belong to the oldest stratum of the Fire-Drake 
Manual, the system probably originated as early as the +14th century if not 
some time before. The Huo Lung Ching and the Wu Pei Chih call it the ‘ingenious 
mobile ever-victorious poison-fire rack’ (wan shéng shen tu huo phing féng chhé'); for 
Ping Lu it is the ‘magic-fire iron-enveloped perfect camp-protector’ (shen huo wan 
chhüan thieh wei ying?).? The latter text begins by saying that fortified encamp- 
ments are most useful for protecting armies and generals, but if one is encircled 
by the enemy one can quickly leave it and bring the mobile racks into action to 
cover one's retreat. The texts then go on (Fig. 60): 


A rack is made from hard wood, almost as high as a city-gate [like a box with four 
layers], and mounted on eight wheels so that it can be turned and pushed (in any 
direction). It is covered with raw oxhide, and within there are 12 fire-weapons [16 in 
each layer]. At long range one fires off the appropriate weapons, i.e. guns large and 
small, with bullets and arrows; at close range others are more effective, such as crossbow 
fire-arrows, fire-lances and fire-pikes. 10 [5] soldiers are needed to work it. 

When the enemy approaches the gate, all the weapons are fired at a single moment, 
giving a noise like a great peal of thunder, so that his men and horses are all blown to 
pieces. You can then open the city-gate, and relaxing, talk and laugh (as if nothing had 
happened); this is the very best device for the guarding of cities. 

[... Crenellated battlements (nü chhiang?) in the defences (of encampments and city 
walls) are convenient for keeping watch; and there should be (mobile) racks to store the 
fire-weapons in four layers. Underneath they have double wheels, so that they can be 
pushed around. There are also shields (shen phai*) at the eight entrances (of the camp) 
for protecting (the soldiers and the racks). If the enemy starts an assault, the fire- 
weapons are let off simultaneously, so that they are all destroyed. This (mobile rack) is 
the most precious arm for saving the lives of the generals and the army, so it ought to be 
fully appreciated.] 


This conjures up a vision of a city gate suddenly opening, and the mobile rack 
trundling forward, with soldiers protected by shields on each side, then 'deliver- 
ing a broadside, with all guns blazing', as one might say. No doubt there were 
plenty of co-viative projectiles in the fire-lances and spurting-tubes which it car- 
ried. But there is a suggestion, in the last part of the passage, that such mobile 
racks as these were also used as stores which could be run back and forth along 


* HLC, pt. 2, ch. 3, pp. 22a; WPC, ch. 132, pp. 65, 7a; PL, ch. 12, pp. 21a, b, 22a. Passages in square 
brackets are in the last-named text only. 
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Fig. 60. A mobile rack for holding fire-lances (PL, ch. 12, p. 22a) 
like a broadside on the enemy to protect one's retreat from a cam 
the rack was also useful for supplying the guards on the battlemen 


. They could all be lit at once and directed 
P; or to counter an attack on a city gate; but 
ts of city walls with relays of flame-throwers. 
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the battlements providing fresh fire-lances for the defenders. When one remem- 
bers that each of these would probably burn out in five minutes ог so, it would 
obviously have been very desirable to organise constant supplies, and mobile 
racks like these would have been very useful. 

The use of the fire-lance continued to be recommended throughout the + 16th 
century; as an example one could take the Shen САМ Phu Huo Wên! (Miscel- 
laneous Questions and Answers arising out of the Treatise on Guns) written by 
Chao Shih-Chén? in +1599." Once again the li hua chhiang? makes its appear- 
ance, but now alongside all kinds of more modern things, such as mobile 
armoured shields for field-guns, bullet-moulds and muskets, and even a kind of 
primitive machine-gun.” The fire-lance was not yet quite dead. Indeed, the 
forms of it which projected arrows had been quite prominent in the successful 
operations of Chhi Chi-Kuang's ‘new model army’ against the Sino-Japanese 
pirates on the south-eastern coasts in the fifties and sixties of the century * 

There was still.a place for the spurting-tube ( phén thung?) as late as +1643, in 
the Huo Kung Chhieh Yao" of Chiao Hsü'' and Adam Schall von Bell. The illus- 
tration? shows it as а fire-barrel, with a handle 4 ft long; it was certainly of 
bamboo bound with wire and string, and it emitted an arrow or lead shot as well 
as fames. From the gunpowder formula given for it, which was rather high in 
nitrate, one may guess that the projectile was no longer co-viative, but the 
weapon may have burst quite often and could hardly have been used more than 
a few times. By a striking coincidence, this date is the same as that for the last 
recorded use of fire-lances in the West, at the siege of Bristol, in the English Civil 
War.5 Another bamboo-barrel proto-gun was the ‘invincible bamboo general’ 
(wu ti chu chiang-chün?") described by Ho Ju-Pin in the Ping Lu of +1606.> The 
barrel was fortified by a winding of iron wire, and the weapon fired a single stone 
ball: from the illustration (Fig. 61) it is hard to tell whether this completely filled 


* Fig. 56 is taken from his: Chié Chhung Thu; some dozen years earlier in date. 

" The same is true of Wang Ming:Hao's* Huo Kung Wên Та, written а year or two earlier (c. +1598) 
and preserved in the Huang Ming Ching Shih Skik Yung Pien® of Féng Ying-Ching (+1603), ch. 16, р. зга 
(pp. 1287-1318). Wang includes much on fire-lances, along, with accounts of bombs, mines and sea-mines, 
breech-loading ‘culverins and cannons small and large, muskets, rockets. and rocket-launchers. Elvin (2), 
рр. 94 Ё. was the firs: to draw attention to this piece, but we cannot associate ourselves with his estimate of 
Ming gunpowder technology. Wang Ming-Hao was also the author of important military books such as the 
Ting Than Pi Chin’, 

© See Huang Jen-YG (5), pp. 168, 179, 180, with references, 

4 Choa (Thu). P 198 (p. 3а). 

© Ch. т, p. 264, 5. 

© Ch. 2, p. тоа, ё. Fhe percentage composition was: N, S, С; 74 : 

£ Partington (5), p. 

PL, ch. 12, p. ish Phing Phi Pai Chin Fang, ch. 4, p. 224, b, description, рр. 202 ff. Cf. WPC, ch. 123, pp. 
9a-115; Davis & Ware (1), p. 535. 
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Fig. бі. A hand-held bam 





barrel proto-gun, the "invincibie bamboo general’ (wu ti ch 
L, ch. 12, p. 33а. lc fired a single stone ball. The wooden barrel 
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“cap prevented the powder from getting wet. 
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Fig. 62. Another connecting-link between the metal-barrel fire-lance and the true gun, the ‘one-eyed 
magically efficient gun’ (£u yen shen chkung), from НСТ, р. 194. It was a kind of gingall or swivel-gun, provided 


with a wooden tiller and fired from a pole with several rings as rests. 
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the bore, but it probably did.* The shape of the whole is sophisticated enough, 
but one would rather have been somewhere else when it was being let off. 

However, it remains true that the majority of fire-lances and fire-tubes that 
discharged projectiles, whether co-viative or not, described in the Huo Lung 
Ching and later books such as Ping Lu and Wu Pei Chih, had metal barrels. How 
closely they could approach to the true gun, arquebus or musket, can be seen 
from our final example, the ‘one-eyed magically efficient gun’ (tu yen shen 
chhung'), a kind of gingall,* fired with the help of a rest or support. The Huo Lung 
Ching says:? 


This is made of wrought iron by a skilled smith. It can be as short as two or three feet, or 
else four feet or more. A hole is drilled underneath (i.e. at the back of) the gun, so that a 
wooden tiller can be attached to it. In front the gun is supported by an iron ring, which 
also serves the purpose of taking a better aim at the target. 


The illustration (Fig. 62) shows the support, very reminiscent of the forked rests 
which were standard in Éurope later on for matchlock muskets.* 

Believe it or not, the fire-lance lasted down to our own times on the rivers and 
round the coasts of the South China Sea. Cardwell, who got to know well the 
passenger-carrying and cargo junks of that region in the thirties, as also the 
pirate ships which preyed upon the traffic, has a remarkable picture (Fig. 63) of 
the fire-lances used for the defence of the junks. They were, he said, a kind of 
Roman candle composed of a mixture of tow, wax, gunpowder and other ingre- 
dients, pressed in alternate layers into a length of hollow bamboo bound with 
rattan. Upon ignition at the muzzle, the tube was aimed at the attacking craft 
with the object of setting it on fire, or driving the helmsman from his post, by 
means of the cataract of sputtering fire and burning wads of tow, which could 
also do great damage to the pirate's sails. Many junks carried a good supply of 
these incendiary tubes. Another picture (Fig. 64), from a Japanese source, shows 
a passenger junk from Wuchow or Shao-chow, with fire-lances protruding from 
the bulwarks outboard ready to repel bandits whether in boats or on the river- 
bank.” 


* The illustration specifies two iron coins, one below the gunpowder charge and one on top of it. The latter 
could have acted as a wad for a ball of less diameter than the bore. 

^ Elvin (2), p. 95, knew about this, and its seven advantages, from Huo Kung Wên Ta (p. 1302), but mistook 
it for some kind of mortar. 

* This is a word not to be found in most military histories, but Hobson-Jobson knew it as a term for swivel- 
or wall-pieces (of ordnance) though unable to trace its origin. The editor of the second edition, however, felt 
able to derive it from Ar. al-Jaza'il, a ‘heavy Afghan rifle fired from a fixed rest’. Ball (1), p. 44, considered it a 
musket from 6— 14 ft in length, resting on a stand or tripod like a telescope. 

3 НІС, pt. t, ch. 2, р. 20a, b; Huo Chhi Thu ed. p. 19a; Huo Kung Pei Yao, ch. 2, p. 204, b; tr. auct. 

* Cf. Reid (1), p. 61, and Fig. 180 below. 

f Narratives of the Opium Wars in the eightcen-forties sometimes describe weapons that may have been 
fire-lances. Thus Ouchterlony (1), p. 262 speaks of long brass tubes, wound round with silk and catgut, found 
in a captured Chinese fort. | 

* (1), pp. 788, 794. 

^ Thanks are due to Mr Rewi Alley for this document. 
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Fig. 64. Muzzles of two fire-lances projecting from the side of a Cantonese river-going passenger junk (1929). 
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Fig. 65. Drawing from the Arabic Rzevuski MS. of about +1320, showing on the left a soldier with a fire-tube 
held in the hand, and on the right another soldier with a naphtha flask or incendiary bomb in his right hand 
and a proto-gun or fire-tube in his left. After Partington (5), p. 207. 


Was there now, one may well ask, anything similar to the fire-lance in Eu- 
rope? There was indeed, and we can learn a good deal by following its for- 
tunes. From the +14th to the +17th century we can recognise it under a variety 
of names deriving from Latin tromba, a trumpet. The trombe we have already 
met with; it was a metallurgical blower and mine ventilator, with a cascade of 
water descending into a closed space, through the outlet of which the air carried 
down blew forth in a continuous stream.* This was as old as the +8th century, 
and supplied the Catalan bloomery furnaces.’ In the +14th *trumba was the 
name used for a bombard, particularly its fore-part, corresponding to the later 
usage of muzzle and chase.* But what we are looking for comes under the name 
‘trump’, or trompe à feu! and it was just as fearsome as the earlier weapons of the 
same kind in China.® 

There are fire-lances in the book of Hasan al-Rammah, c. +1280, just as one 
would expect if such Arabic circles were the means of transmission of Chinese 
fire-weapons westwards, and some of them may have had co-viative projectiles, 
for there is mention of ‘Roman Candles’ throwing out 'chick-peas' and incendi- 
ary balls of burning materials." The fire-lances appear again in the Arabic Rze- 
wuski MS of about +1320 (cf. p. 43 above), and in the drawings (Fig. 65) as 

а [tis curious that there was no Chinese parallel to this in some term derived from /а-ра! (nothing to do with 
Lat. labarum, the imperial standard), or hao chio?. The Western name no doubt arose because of the snoring 


noise made by the tubes when giving out their flames. 


> Vol. 4, pt. 2, рр. 149, 379- 

© The principle was just the opposite of the familiar filter-pump. One can feel it in shower-baths today. 
Cf. Needham (32), p. 11. 

Partington (5), pp. 117—19; e.g. +1340 and +1376, +1379. Cf. Blackmore (2), p. 216. 

Hence tromba di fuoco (Yt.), turonba (Tk.) and troumpa (Byz., Gk). Cf. Kahane & Tietze (1), p. 449. 

& A related group of words came from Lat. troncus or truncus, a tree-trunk or headless body. A trunk was a 
wooden support for a cannon, sometimes on wheels, cf. Partington (5), p. 182; Tout (1), p. 685. A truncke was 
a land-mine (p. 199 above); cf. Partington, of. cit. p. 166; Romocki (1), vol. 1, p. 275, fig. 65. The word ‘trun- 
nion' has the same origin—two cylindrical metal projections cast on a cannon to give an axis for elevation. 

h See Partington (5), pp. 200 ff. 
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Fig. 66. An early appearance of the fire-lance in Europe, from a Latin MS. studied by Reinaud & Favé (1), fol. 
199. The date would be about +1396. 


well as the text.* Their first appearance in Western Europe occurs in the Latin 
MS. studied by Reinaud and Favé, datable at about +1396; here we have draw- 
ings of a fire-lance used by a horseman (Fig. 66), another borne at the end of a 
chariot-pole, and another held by a dismounted knight.‘ The weapon is de- 
scribed again in the De Re Militari of Roberto Valturio, about -- 1460; but for 
the most detailed account we have to wait for the Pirotechnia of Vanoccio Birin- 
guccio of +1540.° 

Biringuccio gives detailed specifications for fire-lances, ‘tongues of fire’, he 
says, ‘to be tied on the ends of lances, like squibs'. They are to be made of 
carton-paper 'in the form of rockets', and contain, just as in so many of the 
Chinese formulae, gunpowder plus x, у and z, for example pitch, sulphur, salt, 
iron filings, crushed glass, arsenic and other poisons. When lighted, they send 

а Partington, ibid. p. 207. 

> (1), pp. 213 f., 217-18, 279-80. Lat. MS. Bib. Roy. 7239, done between +1384 and +1444, most prob- 
ably 4- 1395/6; Italian. 

* Pls. 8, то, 11, in their book. 


a Reinaud & Favé (т), pp. 224, 226; Partington (5), pp. 146, 164. 
* Tr. Smith & Gnudi (1). Cf. Brock (1), p. 30; Partington (5), p. 61; Reinaud & Favé (1), PP. 170, 229, 


pl. 14 fig. 1. 
f Bk. ro, ch. 7, Smith & Gnudi tr., P- 433. 





30. THE GUNPOWDER EPIC 261 






y E „2 PF i { | 
RII 





N 








КС" f 


| : e 
(тининин ШЇ 








| 


Lus 





Fig. 67. Illustrations of fire-lances from the Pirotechnia of Biringuccio (+1540). Bk. 10, ch. 7, р. 433. 


out ‘a very hot tongue of flame more than two braccia long,’ full of explosions and 
horror', and they are as useful at sea as on land (Fig. 67). Parallel with this, in 
his chapter on fireworks, Biringuccio describes trunks or trombe di fuocho, cylin- 
ders like Roman candles for the projection of fire-balls.^ It was the custom, too, 
in the 4 16th and + 17th centuries, for state processions to be headed by men like 
Jack-in-the-green holding ‘clubbs’ which spouted forth fire in a continuous 
stream; this happened on the occasion of Anne Boleyn's coronation in +1533, 
and is illustrated on the title-page of John Bate’s book of +1635.° 

But the pièce de resistance of fire-lances in late medieval Europe was the defence 
of Malta by the Knights of St John against the Turks in +1565. 


The trumps [wrote Bradford] were hollowed-out tubes of wood or metal secured to 
long poles. Like the pots of wildfire? they were filled with an inflammable mixture, 


* Le. two or three yards. 

Bk. то, ch. ro, Smith & Gnudi tr. pp. 441—2; cf. Brock (1), p. 30. 

Brock (1), p. 32, and opp. p. 17. 

(1), pp. 97-8, cf. pp. 105, 120; (2), p. 241. 

I.e. incendiary grenades containing saltpetre, sulphur and various carbonaceous combustibles. 
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except that it was made more liquid by the addition of linseed oil or turpentine. ‘When 
you light the trump’, wrote one authority? "it continues for a long time snorting and 
belching vivid furious flames, and large, and several yards long.’ The trump derived its 
name from the harsh snoring sound it made when alight. A smaller version was attached 
to the head of a pike. This often had an ingenious mechanism whereby, when it was 
almost burnt out, it fired two small cylinders of iron or brass which were loaded with 
(ordinary) gunpowder, and discharged lead balis.” 


Such were the trombe de fuego mentioned by di Correggio, writing only a couple of 
years later.© The doctored gunpowder used in the grenades and fire-lances was 
enhanced by more saltpetre, with the addition of sal ammoniac, sulphur, var- 
nish, camphor and pitch,? very similar to the earlier Chinese compositions, and 
its anti-personnel effect was apparently like that of napalm. The opinion of the 
Victorian military engineer, Whitworth Porter, was that these trumps must 
have constituted ‘a most formidable obstacle to the advance of any storming 
party’. 

After the siege of Malta, anything would be an anticlimax, so it may suffice 
to say that the fire-lance in Europe continued in use down to the middle of 
the +17th century, when it was replaced by more modern guns and artillery. 
Diego Ufano (1) described it in his military treatise of +1613, and so did the 
pyrotechnists Appier and Thybourel a few years later." Its final appearance 
seems to have been at the siege of Bristol in the English Civil War in + 1643. 


^ Bosio (1), vol 3, рр. 361-2, a word-for-word transiation from the old Канап. 

^ ‘Ns if they were wheel-lock muskets’, said Bosio, so they seem not to have been co-viative, but it is hard to 
be sure. This weapon, combining:as it did the fire-lance and the gun, is extraordinarily reminiscent of the 
Chinese wiple-function devices described on pp. 248, 251 above, and it is hard to believe that there could have 
been no connection between them. 

* Eng. tr. by Balbi, p. 79. 

3 Porter (1), vol. 2, p. 97. 

© Appier & Thybourel (i), p. 58 іп +1620; Арріег (1), p. 164 in +1630. Cf Partington (5), рр. 176-7 

* Partington, of: cit. p. 5. Perhaps the existence of the fire-lance till this time could illuminate certain literary 
allusions otherwise hard to explain. For example, in the version of "Tom o'Bedlam's Seng’ written by Giles 
Earle in +1615 the madman says: 





With an Boste of furious fancies 
Whereof T am commander 

With.a burning speare, and a horse of aire 
To the wilderness I wander; 

By a knight of ghostes and shadowes 
I summoned am to tourney 

"Tenideagues beyond the wide world’s end— 
Methinks it is-no journey... 


There are several other versions of this, as in Percy’s Reliques (+1765). vol. 2, p. 370. Tom was опе of the 
‘Bedlam Beggars’, so named after the Bethlehem Mental Hospital in London, founded in +1547 after the 
suppression of the abbeys (complete by + 1540) which had previously harboured the psychologically deranged. 

Similarly there was the Knight of the Burning Ране, one of the comedies by Francis Beaumont & John 
Fletcher, printed in. +1619; it was (like Don Quixote) а barlesque on knight errantry (Bowers; (). Here the 
Grocer Errani hàd a burning pestle об his shield, reminiscent of the ‘clubbs’ mentioned on p. 261 above. And 
in Amadi de Gaul, à prose romance printed early іа the +16ch-centary, there had been a ‘knight of the buciing 
sword’ (Hattawav, 1). Without overlooking other aspects of this symbolism, one cannot but draw attention; 
hitherto rather neglected, to the presence df fire-lances among European weaponry in the i6 and early 
uy ceniuries. C i 
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When we survey the origins and development of the fire-lance in the Western 
world, we are at once impressed by the fact that it seems to have started there 
with no antecedents. The bombard was in Europe by +1327, and the fire-lance 
very probablv accompanied it since there are several illustrations before the end 
of the same century. In Europe one cannot trace any long prior development 
similar to that which takes the fire-lance back in China to the middle of the 
* roth century.* This is surely circumstantial evidence that both weapons came 
to the West already fully fledged as it were, after which the cannon had a long 
development yet to undergo, while the fire-lance was probably very similar in 
the mid +17th century to what it had been like in the mid +14th. And it is 
interesting that in Europe, just as in China, it was still found useful down to that 
date, only then succumbing to the new and more efficient firearms of the time. 

Another point well worth emphasising here is that the metal barrel did not 
have to await the coming of the true gun and cannon in China; on the contrary it 
was specified for many types of fire-lance, where the design was that of a close- 
quarters incendiary flame-thrower, even when combined with co-viative projec- 
üles. We shall find that the same is true for those large-scale flame-throwers 
mounted on carriages or trunks, and sending out co-viative objects, even includ- 
ing proto-shells. It is to a brief examination of these that we must now turn. 


(14) Tug ERUPTOR, ANCESTOR OF ALL CANNON 


So far all the weapons of fire-lance type which we have been considering were 
wielded by a single combatant, or else stacked in a mobile trolley which could be 
manoeuvred by several men. But when we come to ‘fire-lances’ with. large- 
diameter tubes mounted on frames, like the arcuballistae of old. (cf. рї. 6, (/),.3 
above), we have to turn over a new page. Several of these are described and 
illustrated in the military. compendia from +1350 onwards, bu: their character. 
is so archaic that they must surely belong, at any rate in their carliest forms, to 
the previous century. Let us look at a few examples. 

To begin with, there was the ‘multiple bullets magazine eruptor’ (pal izu lien 
chu phao'). As we know, the term phao originally meant the trebuchet, and the 
stone projectile, or iater the bomb, which was hurled from it, while later still it 
came to mean in common parlance апу kind of cannon; but there was an in- 
termediate phase when the gunpowder was low in nitrate, and the. projectile did 
not fit the bore. It was for this gargantuan fire-lance that we felt the need to coin 





?. Not much is heard of Greek Fire petrol Mame-throwers after the + iath century in the Byzantine region, 
and whether they were made use of in the later Crusades is uncertain; so there ispo reason for the belief that the 
European Bre-lances were derivative from them. The new factor wa: ntially gunpewder, and the existenceof 
thatin Europe before + 130015 hard vo substantiate: Cf. p. 272 below. 
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the word eruptor, and we use it here. Of this magazine eruptor the Huo Lung 
Ching says: 


It is made of cast bronze, and measures 4 ft 5 in. in length. It contains 1-5 shéng^ of 
‘blinding fire’ gunpowder‘ which sends forth (flames) from the muzzle. At the side of the 
barrel a beak(-shaped tube) is cast on, rather more than a foot in length, and it is filled 
with a hundred or so lead balls. A frame of hard wood is made for the carriage, and on it 
the eruptor can be rotated in all directions. First the magazine is held horizontal, but 
when it is turned vertically the lead bullets all fall down into the firing chamber, and are 
spewed forth at the enemy soldiers one after the other, hitting them and preventing them 
from assaulting one’s camp. One such eruptor can resist as many as fifty determined 
soldiers of the opposite side. 


From the illustration (Fig. 68) one can see that the bronze tube was provided 
with a tiller (yen wei), and the axis on which it was turned to aim is visible 
underneath the barrel. From the text we visualise that the magazine was filled 
while the eruptor was on its side, then immediately after ignition the barrel was 
turned so that the magazine pointed upwards, allowing the projectiles to slip 
down and be shot forth with the flames. It would seem quite certain here that 
the diameter of the balls must have been much smaller than that of the barrel; 
assuredly they were co-viative. 

Perhaps the greatest surprise of this genre is that the eruptors could toss over 
shells. They must have popped out like the 'stars' from Roman candles or 
‘pumps’, each one lighting the “blowing charge’ of the next one beneath it before 
leaving the tube,? but clearly they were capable of landing on the top of city 
walls in sieges. Moreover, in some cases they carried 'bursting charges' as well 
as ‘lifting charges’, for they would explode when they got to their destination.‘ 
For example, there was the ‘flying-cloud thunderclap eruptor' (fei yün phi-li 
phao*). The text reads: 


The shells (hao?) are made of cast iron, as large as а bowl and shaped like a ball. 
Inside they contain halfa pound of ‘magic’ gunpowder (shen huo®)." They are sent flying to- 
wards the enemy camp from an eruptor (mu phao’); and when they get there a sound like 
a thunder-clap is heard, and flashes of light appear. If ten of these shells are fired succes- 
sively into the enemy camp, the whole place will be sct ablaze and his men will be 
thrown into confusion. [You can use any of the kinds of gunpowder in the shells— 


а HLC, pt. 2, ch. 2, p. ба, 6; WPC, ch. 122, p. 13a, b; tr. auct. Cf. Davis & Ware (1), p. 528. 

> The shéng! was a liquid and cereal measure often translated as pint, though perhaps better as gill; here it 
might be equivalent to lb., or rather less. 

© On this translation of fa yao? cf. p. 180 above, and HLC, pt. 1, ch. 1, рр. 7а, 8a. 

3 See Brock (1), pp. 192-3. 

© [bid.p. 211. 

© HLC, pt. 2, ch. 2, p. 8а, b; WPC, ch. 122, pp. 18a, 194; tr. auct. Cf. Davis & Ware (т), р. 530. 

* Cf. what has been said on pp. 163, 176 above regarding the chen thien lei? or thunder-crash cast-iron bombs 
used early in the +13th century. 

^ Formula in HLC, pt. 1, ch. t, p. 6a. 
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Fig. 68. An eruptor, i.c. a large fire-lance on a frame. This one, the ‘multiple bullets magazine eruptor’ (pai tzu 
lien chu phao) is taken from HLC, pt. 2, ch. 2, p. 6a. The magazine is filled with lead shot when it is on its side, 
then when the tiller is turned round on its axis they are fed into the barrel and issue forth along with the flames. 


266 30. MILITARY TECHNOLOGY 





Fig. 65: An eruptor which fired proto-shells, ic. gunpowder-containing cast-iron bombs; the ‘flying-cloud 

thunderclap eruptor’ ( fei yän phi-li phao), from HLC, pt. 2, ch. 2, p. Ва. The proto-shells evidendy did not fit the 

bore, but зоте kind of wad or cradie for chem is shown (the famaj. The belching forth of the low-nitrate 
gunpowder must have been sufficient to send them on their way. 
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blinding powder (fa yao!), flying powder (fei kuo’), violent powder (Ей huo’), poison 
powder (tu huo*), bruising and burning powder (Jan Auo), and smoke-screen powder (shen 
зеп), according to the circumstances. ]* 

These proto-shells can be seen in the illustration (Fig. 69), which shows well 
enough that they did not fill the bore. Underneath, the rotating axis which 
allowed of aiming the eruptor in different directions is called the ‘general’s col- 
umn’ (chiang-chün chu’). 

Here it would be natural to ask when the shell, i.e. the cannon-ball which 
itself carries a charge of gunpowder exploding on impact, and is therefore essen- 
tially a propelled bomb, arose in the history of European warfare. The answer 
points to the early decades of the + 15th century, because while the ‘dracon’ of 
Konrad Kyeser in his Bellifortis of c. +1405 is only a bomb, the shell is clearly 
present and described in the anonymous Feuerwerkbuch of about +1437. After 
Valturio's De Re Militari of + 1460 shells become commonplace, but a good deal 
of time must have passed before they became reliable and effective.” Valturio’s 
shells were clearly intended to burst, wrote Partington, but it needed probably a 
century more before the difficulties about the fuse were fully overcome." From 
the passage just given, the shells from the eruptors of the Huo Lung Ching also 
burst on reaching their target. If the second part of this work is dated in the 
t 16th century, developments in China and Europe were going on simultaneous- 
ly, but we have already mentioned our conviction that the fire-lances and erup- 
tors were archaic devices, to be placed before +1350 and indeed before +1290, 
so that the proto-shells here described may really have been among the first of 
their kind. 

Other eruptors used shells designed to spread poison-smokes among the de- 
fenders of a city wall. The ‘poison-fog magic-smoke eruptor’ (fu wa shen yen phao?) 
is thus described in the Huo Lung Ching (Fig. 70);* 

If blinding gunpowder (fe huo’), flying gunpowder (fei huo), poison gunpowder (tu 
tuo") and spurting gunpowder ( phén huo) are filled into a shell ( fhao”) and fired at the 
top of a city wall, fire will break out and smoke will spread in all directions as the shell 
explodes. Enemy soldiers will get their faces and eves burnt, and the smoke will attack 
their noses, mouths and eyes. Ifthe right moment is chosen, no defenders can withstand 
such an attack. 

The description of the ‘heaven-rumbling thunderclap fierce fire eruptor' (hung 
thien phi-li méng hua phao") is more explicit about the poisons used in the smoke- 
shell These include wolf dung," sal ammoniac, arsenical salts, soap-bean 

* "The formulae for the first, second, fourth aud fifth cf these are all in ALC, pt. 1, (ac. ait, f. The passage in 
square brackets is in WPC only. 

^. Cf. Partington (5). pp: 149. 157, 184-5: © Hime (15, pp. 192 8, 195, 202. 

* HLC, pt. 2. ch. 2, p. ga, b, tr. auct. Cf. ИРС, ch. 122, pp. 235, 244: Davis & Ware (1), p. 529. 

* PL, ch. 12: p. 155; WPC, ch. 122, pp. 215, 224. 


f This produced a particularly heavy smoke, and was therefore used in the signals system of ihe Ming forts 
along the northers border; but in the end н became very hard to get, especially in rhe south; Serruys (2). p. 19. 
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Fig. 70. Other eruptors used proto-shells to give forth clouds of poisonous smoke when fired so as to reach the 
enemy’s city walls. This one is the ‘poison-fog magic-smoke eruptor’ (tu wu shen yen phao), depicted in HLC, 
pt. 2, ch. 2, p. 9a. 
powder, pepper and croton oil, among other things, and from the name one 
would expect that some petrol came in somewhere. The illustration (Fig. 71) 
shows no discrete bombs or shells, but the text is clear that they were present 

and contained the poison-smoke ingredients. 
After what we have seen for fire-lances, it would be only natural to find erup- 
tors designed to shoot forth arrows as well as flames. Such a missile projector 
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Fig. 71. Another smoke-shell eruptor, the ‘heaven-rumbling thunderclap fierce fire eruptor' (hung thien phi-li 
méng huo phao), from PL, ch. 12, p. 155. Arsenic, pepper and croton oil were constituents of the smoke, and no 
proto-shells are shown, but the wad or cradle for them is there. 
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was the chiu shih tsuan hsin shen tu huo lei phao! (nine-arrow heart-piercing magic- 
poison thunderous fire eruptor) described in the Wu Pei Caih.* This was designed 
to fire off nine arrows simultaneously, each tipped with tiger-hunting poison, 
from a cast bronze barrel 3 ft 8 in. long, mounted on a framework with arrange- 
ments for varying altitude and direction of aim. The illustration (Fig. 72) shows 
that the tiller was of iron. Part of the text is rather obscurely worded, but it 
seems to say that: 'sometimes one uses a cloth bag (or bags) full of flying gun- 
powder", and when they (the arrows) are loaded like this, it has the advantage 
that the arrows don't shake about and get into confusion.’ This can hardly mean 
that the bags were used like shells, but if the bags were attached to each arrow 
like sausages, they might have done something to occlude the whole bore, in 
which case there would have been an approach to the true cannon, with the 
projectiles no longer entirely co-viative. And indeed the projector is referred to 
now and then in the text as a chhung*, which may be significant in understanding 
how it worked. 

It seems fairly clear that in all these strange weapons the co-viative projectiles 
were more important than the flames of the burning gunpowder, for it would 
have been difficult to station enough of them in the protective lines of a camp or 
defensive position, and the hand-held fire-lances would have been more effective 
for repelling assaults. So we really seem to have here a final stage before the 
appearance of the true cannon with its ball matched to its bore. 

There seem to be references to eruptors in poetry too. Chang Hsien?, who was 
writing about +1341, has in his Ya Ssu Chi* (Jade Box Collection) a poem en- 
titled Thieh Phao Hsing?, which might be translated "The Iron Cannon Affair'.^ It 
starts in this way: 


The black dragon“ lobbed over“ an egg-shaped thing 

Fully the size of a peck measure it was, 

And it burst, and а dragon flew out with peals of thunder rolling. 
In the air it was like a blazing and flashing firc. 

The first bang was like the dividing of chaos in two, 

As if mountains and rivers were all turned upside down.... 


This must surely refer to a shell sent forth from an eruptor, but the rest of the 
poeni shows that people were not very frightened of it, because it did little harm 
апа “ts bark was worse than its bite’. But it would seem that in certain circum- 
statices eruptors could have been more fearsome weapons. 


?C Ch. 127. pp. 85, ga, tr. auct. 

* Gh 3, p.270 (p. 765-1). The word phao in thé titie is only a variant of the more usual рїш: 

^ Black probably because of the black smoke entitted with the fames. CE Wang Ling (1). p. £72. 

3 We translate thus because the verb used is 107. to fall oc to let drop, suggesting a mortar-like trajectory. 
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Fig. 72. 





Án eruptor with a Barrel of cast bronze and à tiller of iron, designed to shoot forth nine arrows 
simultaneonsly along with the flame and: smoke, From HPC, ch. 127, р. 8 


5. The arrows were contained in 
cloth bags. 
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The time has now come to emphasise that throughout these last two sub- 
sections we have been thinking in terms of tubes and cylinders, with solids, 
liquids and gases passing through them. These were not involved in the preced- 
ing uses of gunpowder, as in bombs, grenades or mines, whether incendiary, 
explosive or detonative.* Of tubes for liquids much has already been said in an 
earlier discussion,” with reference to syringes, pumps, piping and the like; here 
the difference was that the tube had to contain a solid passing into a phase of gas 
and flame. Nevertheless the transition from the Greek Fire petrol flame-thrower 
(méng huo yu chi") to the low-nitrate gunpowder flame-thrower (huo сапр?) had 
been remarkably easy and logical, for gunpowder had already been used in the 
petrol pump as a slow-match for the ignition chamber (p. 82 above). The 
improvement was that the weapon was made much more portable, needing no 
crew to man the pump, for the expansion of the solid mixture was automatic 
once ignited, since it carried its own oxidising agent built in—though the 
Chinese of the +1oth century would not have put it quite that way. Then ulti- 
mately the wielders would have noticed the recoil effect, reminding them no 
doubt of the ‘ground-rat’ firework (ti lao shu?)* and suggesting that the fire-lance 
or spurting-tube could be allowed to fly free—in the opposite direction. And it 
could be made to carry an arrow-head or any such similar inconvenience to 
annoy the enemy. Thus would the rocket have been born; but that is another 
story, which for the present we reserve (cf. pp. 472 f. below). 

But the gunpowder mixture was not the only solid thing put in tubes. The 
appearance of co-viative projectiles at once evokes, and was perhaps initially 
suggested by, a much more ancient apparatus, the blow-gun. This was a 
weapon, mostly used for hunting, which consisted of a reed or bamboo tube 
through which a solid object, the projectile dart or pellet, was made to move by 
the action of human breath alone, derived from the pump of the lung.? 

The development and distribution of the blow-gun, which has been exhaus- 
tively studied by Jett (2), is one of those clear examples of a Pan-Pacific tech- 
nique, uniting aboriginal South America with the islands of the Pacific and the 
mainland of East Asia, but it also spread in somewhat later times to all regions 
of the Old World. Blow-guns could be made from reeds, bamboos, palm stems 
or bored wood. They could fire darts, whether blunt-ended or pointed, whether 
feathered, rifled, or poisoned at the heads.‘ ‘Air-stops’ were often used for the 


* It might be thought that the first enclosing of gunpowder in tubes belongs to the history of fireworks, but 
as we now see (pp. 135 E. above) that went parallel with the development of war-weapons. 

^ Та Section 27 on Mechanical Engineering, Vol. 4, pt. 2 above. 

* Cf p. 134 above. 

4 The ethnologists make connections between the blow-gun and many other kinds of tube— the fire-blower, 
the metallurgical blowpipe, the flute, the drinking-straw, the enema-tube and the smoking-pipe. But we cannot 
follow any of these leads further here. Again, on air-guns see Blackmore (1), p. 93; Hoff (1), pp. 34-5. 

* Some of the alkaloids used were common to the Old World and the New, or very similar. Of course the 
total pharmacological range was limited, but strychnine and strophanthine were common to both, while 
curare was New World and upas was Old. Strychnine came from Strychnos strychnos and strophanthine from 
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rear ends of the projectiles to fill the cross-section of the barrel; and these could 
be of pith, kapok, cotton wad or mushroom cone.* Blow-guns could also fire clay 
pellets, baked or unbaked, as well as pebbles and hard seeds. Clearly they were 
an important invention in the history of hunting and warfare, but they worked 
best in forest country where wind would not tend to deviate the projectile. They 
had the great advantage of being silent, though of course their range was rather 
restricted, accurate only up to 50 or 60 yards. In essence they were the forerun- 
ners of all devices in which solid objects are made to issue from tubes with the 
intention of hitting something, yet because of their ‘air-stops’ they are ancestral 
to the true gun and cannon rather than to the co-viative projectiles of fire-lances 
and spurting-tubes. But this somewhat fine distinction would hardly have been 
appreciated by those who first made the expansive force of burning gunpowder 
carry objects out with it in order to hit an enemy. One might think of the 
co-viative principle as a necessary diversion or loop-line in the evolution of 
gunnery. 

For the relevance of the blow-gun to the first appearance of gunpowder tubes 
in the Chinese + roth century, we need to be assured that it was m fact known in 
that civilisation; and this indeed appears from what we can learn of its distribu- 
tion and development. Its original focus may well have been in the Malaysian- 
Indonesian culture-area, whence it reached, as Lynn White has shown, the 
Arabs in the -- 12th century? and Europe in the +14th.4 The Malay word sumpi- 
tan wandered everywhere, giving rise to zabatana in Arabic and cerbottana in Ita- 
lian by +1425.° Though ndlika, a reed, through which dart-arrows or small 
pellets were shot, is claimed by some to be an ancient Indian name and usage, 
the words éambitan in Malayalam and sungutan in Tamil betray the Malaysian 
influence’. Speaking very broadly, the Malaysian-Indonesian culture-area in- 
cluded also Thaiwan, and in earlier centuries South China and even Japan. 

Hence the interest of the work of Thang Mei-Chiin (т), who studied the cross- 
bows of the aboriginal tribespeople of Formosa in connection with the origins 


Strophanthus spp. Curare came from Strychnos toxifera or castelneana and Chondrodendron spp.; upas sap, containing 
a cardiac poison, from Antiaris toxicana. The Amerindians also had a cardiac poison, from Ogcodeia tern- 
stroemiflora; and all round the Pacific snake venom and poisonous berries from many trees were brought into 
play. In South China the minority peoples used aconite; cf. Vol. 1, p. 9o. In general the use of poisons recalls 
very significantly the constant recommendations to do this throughout the Chinese military compendia (cf. 
рр. 123, 180, 234). Further on their nature see Bisset (1). 

* Whether or not the gunpowder-projected arrows had these the texts never say, nor do the illustrations 
give any clue. If they had had them they would no longer have been co-viative projectiles. Nor do we know 
anything about the 'air-stops' used, if any, in the arrow-projecting cannon of Walter de Milamete in +1327. 

5 (7), рр. 93 Ё. 

© Cahen (1) found it in the military treatise made for Saladin about +1180 (cf. p. 42 above). By +1260 at 
the latest it was known and used in Persia, according to Coomaraswamy (7), under the name of ndwak. 
Mamluk Egypt (+ 125010 + 1517) had it, to shoot small pellets (&undug) for hunting; cf. Ayalon (1), pp. 24, 59, 61, 
118. 

4 French MSS of +1320 and +1475 are adduced by Cranstone (1), but there may have been two introduc- 
tions, for Apollodorus of Damascus early in the +2nd century talks of hollow reeds for hunting birds; cf. 
Lacoste (1). 

* Hence doubtless sarbacane in French. Cf. Demmin (1), p. 468. 

* Sinha (1); Hornell (25) drew attention to this South Indian terminology. It might be significant that ndlika 
came to mean musket in later times, and so did the Arabic word. 
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and history of the blow-gun. The reason for the connection was that although 
today only the Saisiat and T'sou folk retain the crossbow, it has a tube of bamboo 
at the head to guide the arrow-dart as it is sent forth;* and Thang was therefore 
led to suggest that the crossbow itself in Asia was the product of a marriage 
between the simple bow and the blow-gun.^ However this may be, there can be 
no doubt that references to the blow-gun occur in ancient Chinese literature. For 
example, Tso Ssu! in his Wu Tu Еш? (Ode on the Capital of the Wu Kingdom) 
spoke in c. +270 of the ‘cinnamon-tree arrows shot from tubes’ (Kuei chien shé 
thung?);" and in the Chu Phu* (Treatise on Bamboos) about +460 Tai Khai-Chih? 
referred to the yün tang bamboos as useful for shooting-tubes (yün tang shé 
thung®).4 Again, Fan Chho’, in the Man Shu? of с. +862 in the Thang (Mono- 
graph on the Southern Barbarians, i.e. Minority Peoples) mentioned the fai chi 
chu? bamboos which were useful for making blow-guns (chhui thung'®). As would 
be expected, the mentions become rarer in more recent literature. But enough is 
there to show that the blow-gun was quite widespread among the people of 
South China and Thaiwan in ancient times,‘ and therefore that the inclusion of 
projectiles in tubes, when the gunpowder mixture at last became known, was 
something which had already had a very long history behind it. 

There is yet another matter on which something must be said before we can 
leave the realm of fire-lances, eruptors and co-viative projectiles. More recent 
centuries have also known volleys of complex and discrete objects—what was 
the difference then between co-viative projectiles and chain-shot? The answer is 
that after the -- 17th century the fragments were always put together in some 
sort of casing which fitted the bore of the cannon or gun; leaving them free 
amidst the erupting gunpowder was a much earlier stage of evolution.‘ 

‘Chain-shot’ itself, for instance, consisted of two cannon-balls joined together 
by a chain or iron bar, which, when fired from a gun, rotated at great speed 
through the air, smashing the spars and rigging of an enemy ship and clearing 
her upper deck of men.’ Since the balls issued from the muzzle in succession 
there was generally no need for a casing. But ‘case-shot’ always had this." In 
+1644 Mainwaring described it as ‘made of any kind of old iron, stones, musket- 
bullets or the like, which we put into cases to shoot out of our great ordnance’. 
These cases were made preferably of wood, fitting the bore, or simply canvas 


a This is still often poison-tipped, linking up with a wide area of practice both in the Old World and the 
New. Probably it was the very weakness of the propulsive force which led to the intensification of the effect 
caused by a hit. 

^ Cf. pt. 6, (e) above on the slur-bow. Wén Hsüan, ch. 5, p. 6a; tr. von Zach (6), vol. 1, p. 60. 

d P. 4a; tr. Hagerty (2), p. 395. Both these scholars took the words shé-thung to be the name of a species of 
bamboo. This may well be, but from the commentators it can be seen that the argument is not affected. 

* [t has persisted among the tribal minority peoples of the South-west till contemporary times, and was 
observed among the Semang people of the Leichow peninsula in Kuangtung early in the present century by 
Imbert (1). 

* We are grateful to Prof. Robert Maddin of the University of Pennsylvania for raising this point. 

= Kemp (1), p. 150. h Ibid. p. 143. 
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Fig. 73. ‘Langrage’, or fragments of old metal enclosed in canvas bags, fired from a small cannon on the deck 
of a junk in the South China seas in the thirties (photo, Caldwell, 1). 


bags which would do so. ‘Canister-shot’ was usually the same thing, put in 
cylindrical tin boxes, while 'grape-shot'! was a number of iron balls bound 
together in a receptacle with canvas sides and circular cast-iron plates at top and 
bottom. Finally ‘langrel’ or ‘langrage’ consisted of iron bolts, nails, jagged frag- 
ments and any old metal pieces, enclosed in a thin cloth bag to fit the bore of the 
gun; it was a favourite weapon of privateers attacking merchant-ships.* In fact, in 
Chinese waters as recently as the thirties of the present century, merchant junks 
responded against pirates with just the same coin, as is seen in one of the photo- 
graphs of Caldwell (Fig. 73). So, to sum it up, all the varieties of case-shot 
belonged to the era of true guns and cannon when the projectile always fitted the 
bore and had high-nitrate gunpowder behind it, while the co-viative projectiles 
were simply mixed with the low-nitrate gunpowder of the fire-lance, spurting- 
tube or eruptor, and issued together with the flames, obviously with much less 
force behind them, and consequently a much less range. In fact it was an earlier 
chapter in the story. 

It is noteworthy that the sharp distinction which we draw between the co- 
viative projectiles of fire-lances and eruptors (even when their barrels were made 
of metal), and the full application of the propellant force of gunpowder upon 
projectiles that fitted the bore or calibre of the barrel, would have been fully 
appreciated in the +14th century by Chiao Yü himself. For in the earliest stra- 


* Ibid. p. 465. For an eye-witness account of case-shot used in the English Civil War (+1648) See Temple 
(1). 
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tum of the Huo Lung Ching? there is a brief discussion of the composition of shells 
filled with combustible material calculated to set the enemy’s works on fire (huo 
tan уао!). Here we find the remark that ‘the size of the (incendiary or poiso- 
nous) shell must be just right to fit the bore of the iron tube; i.e. the gun or 
cannon (nai yao уй thieh thung ho thang khou*)’. Chiao Yü would certainly have been 
quite clear about the great divide in this story. 


(15) GUNPOWDER As PROPELLANT (1): Tug First METAL-BARREL 
BoMBARDs AND Hanp-Guns? 


In modern times the cannon has been commonly known in Chinese as pAao** or 
huo phao?. But as we have noted earlier (pp. 11, 22) these two terms originally 
referred to the trebuchet? which, from antiquity onwards, hurled large pieces of 
stone,‘ and then later on incendiary bombs, and finally explosive bombs, into 
the cities or camps of the enemy.* The very word phao for trebuchet was actually 
a homophone of the verb phao’, meaning ‘to throw’. The phrase huo phao** seems 
to have appeared first in connection. with the conquest of the kingdom of South- 
ern Thang by the Sung army in +975.‘ From then on it recurs constantly in 
accounts of medieval battles, at first for gunpowder bombs with weak casings, 
then later on for bombs with strong casings, e.g. cast iron.* The fact is that when 
it was first introduced, probably in the late +1oth century, it was essentially a 
new technical term, and as such it appears in the Wu Ching Tsung Yao towards 
the middle of the following century.^ In just the same way we can trace other 
technical terms back to their starting-points—for example, pao chang? for gun- 
powder fire-crackers (as opposed to bamboo ones) to +1148 (cf. p. 131 above), 
and chhung for hand-guns to a date which we shall shortly see (p. 294) some- 
where in the +13th century. 


а Pc. t, ch. i, p. тга, b. 

^ A difference between British and American usage needs signalising here. While in American English the 
term hand-gun is still applied to all pistols and revolvers (even of the most modern types), in British English it 
designates only those earliest bombards which were small enough to be wielded by a single man holding the 
wooden handle or tiller which projected from their rear end. 

* An exactly similar step in the evolution of technical terminology occurred in Europe, for Burtt (1) tells us 
that the word ‘gun’ was formed unquestionably from mangona, i.e. the mangonel, or trebuchet as we usually call 
it. Mangonels are even called guns in some + 14th-century poems. Similarly, ‘cannon’ came from canna, a reed 
or tube, again closely paralleling the word thung, to give huo thung®. 

d And, as we have often seen (e.g. p. 163), the projectile itself was also called phao—causing no small 
difficulty sometimes. 

© From Vol. 4, pt. 1, рр. 319, 323, it will be remembered that Chinese chess (Asiang chhi: 1°) has a piece 
called phao* equivalent to the knight in European chess. This is generally thought of in artillery terms, but since 
‘combat’ chess (as opposed to the earlier divinatory star-chess) became widely popular already in the Thang 
period, it must originally have meant the trebuchet, and only afterwards the cannon. 

£ P.89above; cf. Féng Chia-Shéng (6), p. 16. 

£ See pp. 192 Ё. above. ^ WCTY/CC, ch. 12, pp. 562 ff. 
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Now by chance it happened that this last period was also the heyday (if a 
comparatively short one) of the most highly developed form of pre-gunpowder 
artillery, the counterweighted trebuchet (‘the Muslim phao’, hui-hui phao!). Ear- 
lier on (pt. 6, (f) 5) we had a good deal to say about the confusions which this 
caused for later writers, confusions only resolved in our own time. The siege of 
Hsiang-yang? and Fan-chhéng? by the Mongols between +1269 and +1273 
provided the chief occasion of stumbling; and even today unwary historians? are 
liable to maintain that the hui-hui phao was a metal-barrel cannon. Paradoxically, 
this thing may quite possibly have come into existence by that time, but the 
hui-hui phao or counterweighted trebuchet was definitely something else. The 
loud crashing noise made by the projectiles as they demolished houses and made 
fortifications crumble, burying themselves deep in the ground, accounts easily 
for the idea that gunpowder was involved, yet neither fire nor explosions are ever 
mentioned in the descriptions. 

Another confusing feature was that particular designations for projectile- 
propelling machines got carried over from the trebuchet era to the cannon era. 
This was the case, for example, with the ‘crouching-tiger phao’ (hu tun phao*). We 
see it in the Ming edition of the Wu Ching Tsung Yao as a trebuchet with a 
triangular frame (Fig. 74)? so that was what it looked like in +1044; but by the 
time we get to +1350 (or +1412), we find the name applied in the Huo Lung 
Ching? to a small metal-barrel cannon weighing 36 Ib. and provided with spikes 
for sticking into the ground to attenuate the recoil effect (Fig. 75). 

Similarly with the two bombards substituted by the editors of the Chhing 
edition of the Wu Ching Tsung Yao (without any explanation) for two of the tre- 
buchets formerly illustrated. These are both called ‘mobile trebuchet carriages’ 
(Asing phao chhé?), but in none of the available editions is there any text concerning 
them. The preceding pages describe and illustrate a curious shielded counter- 
weighted trebuchet (thou chAé?), designed for stationing at the head of a sap in 
siege warfare, and give no help, nor does the following one, which deals with a 
mobile bridge (Лао chhiao") for crossing moats or other water obstacles. However, 
the two trebuchets are quite usual projectile-throwers, only mounted on wheels, 
the first with four, the second with two. But then, instead of the first trebuchet 
illustration (Fig. 76)* the editors give a picture of a long-barrelled bombard 
jacked up to a high elevation so that the barrel superficially resembled the tre- 
buchet arm (Fig. ту). 

* Such as Chang Chou-Hsün (1). 

^ Ch. t2, p. 454; cf. the Chhing ed. ch. t2, р. 52a. 

* Assuming that the illustrations in the +1510 edition were fairly accurate reproductions of the oldest 
drawings. 

4 HLC, pt. т, ch. 2, p. за, b; HCT ed. p. 105, as figured here. Huo Kung Pei Yao ed. ch. 2, р. 3a, b. 

© WCTY/CC (Ming ed.), ch. 10, p. 14a. 

* WCTY/CC (Chhing ed.), ch. 10, p. 13a. 
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Fig. 74. The Au iun phao (crouching-tiger’ trebuchet} as it was in tiogh from the ИСТУ (Ming ed, ch. t2, 
za. À detail of men pulled down suddenly on the ropes to the left, thereby sending the projectile. whethe 
stone or. bomb, into iis trajectory from the pocket of the sling on the right. 
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Fig. 75. The same патас (fu tun рйао) applied сога small metal-barrel cannon, 36 ib. jù weight, from the HLC, 

pitch. 2, p. за (HCT ed., p. тоё), therefore about +1450. Note the four anti-recoil pins to be stuck in the 

ground, showing that the muzzle, contrary to'2ppearances, must be pointing to the right, Nore. also the bands 
encircling the barrel, on which cf. p. 331 below. 
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Fig. 76. The Asing phao chhé (mobile trebuchet carriage) as it looked in +1044. The picture is from the WCTY 
(Ming ed.), ch. 10, p. 14a using the original copy in the library of Dr Hsü Ti-Shan at Canberra. 
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Fig. 77. In the Chhing edition (ch. 10, p. 13a), the arm of the trebuchet is replaced by a long-barrelled 
bombard jacked up to a high elevation, but the weapon still has four wheels, and bears the same name. 


Adjacent to this a parallel substitution took place. Where before there was a 
trebuchet оп a two-wheeled barrow-like carriage (Fig. 78)°, also called Asing phao 
chhé, we now see another bombard with a long thin barrel carried on a two- 
wheeled barrow (Fig. 79)”. But it has had a slight change of name, becoming 
‘bombard on a high-fronted carriage’ (Asien chhé phao'), and in its elevation slant- 
ing like the kind of perspective drawing of the mobile bridge on the opposite 
page. 

* WCTY/CC (Ming ed.), ch. 10, p. 148. ° WCTY/CC (Chhing ed.), ch. 10, p. 135. 
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Fig. 58. The name was also applied to a trebuchet borne on two-wheeled barrow-like carriage, as we see from 
the Ming edition, ch. 10, p. 140 (again from the Нѕа Ti-Shan library original). 
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Fig. ;g. The Chhing edition of ИСТУ, which might represent the situation about +1650, shows again a 

iong-barrelled bombard on a two-wheeled carriage; but the weapon has undergone a slight change of name, 

becoming now Asien ché phao (bombard on a high-fronted conveyance}. Again ch. ia, p. (55. But there is no 

relevant text for either of the bombard illustrations, so that they must be considered interpolations inserted at 
some time between +7350 and +1650. 





jar 


After all; it-was natural enough that the term hug fhaot should have continued 
in common parlance for the metal-barrel bombard and hand-gun after the term 
chhung? had been appropriated for application to them (p. 248 above). In fact the 
mote firearms developed the more natural it was, for the longer the barrel be- 
came, as in slings, culverins and muskets, the more reminiscent it was of the arm 
of the trebuchet, and the more often shells were fired from cannons the more 
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reminiscent they were of the bombs which trebuchets had hurled in the old days 
of the +12th century. Here too a characteristic of the traditional scholars is very 
relevant, their predilection for using the most antique expressions possible be- 
cause of the greater literary elegance one obtained thereby; we saw good exam- 
ples of this already in connection with crackers and fireworks (p. 131 above). 
At the same time there was the tendency (often remarked upon in earlier 
volumes) to use professional wood-block artists (hua kung!) for making illustra- 
tions, men who knew nothing about what they were drawing, and probably 
rather despised it as banausic.* These two features can be seen quite well in 
ch. тот of the military section of the Thu Shu Chi Chhéng encyclopaedia (+1726) 
entitled chhé char? (chariot-fighting), a heading itself archaic to a degree, but one 
which could be made to include any military device on wheels.” Most of the 
chapter is concerned with references in the ancient Shu Ching? (Book of Docu- 
ments) and Shih Ching* (Book of Odes) of the -1st millennium, and commen- 
taries on them, but the illustrations at the end include a mobile windlass, a 
battering-ram and a mobile tank-like shield. Finally, a quite reasonable bom- 
bard on four wheels is given (Fig. 80), the ‘subduing and burying cannon’ (mai 
fu chhung?), though it would have been more appropriate in + 1326, four hundred 
years before. But in the last illustration (Fig. 81) a climax of bewilderment is 
reached, for although the artist seems to have been trying to draw a mobile 
counterweighted trebuchet, the caption says ‘the wonder-working long-range 
awe-inspiring cannon’ (wei yuan shen chhung$).* Such was the conservatism of the 
scholars, and the indifference of the artists—fortunately not mirrored in the 
military compendia, which were clearly intended (like the pharmaceutical natu- 
ral histories)? for practical use. 

Nevertheless, this present sub-section differs from almost all the preceding 
ones in that concrete archaeological evidence is available in support of the texts. To 
put the matter in a nutshell, several hundred specimens of metal-barrel cannon, 
large and small, as also hand-guns, have survived in China from the - 14th 
century (even indeed the +13th) and are preserved mostly in Chinese museums. 
In considering this we have always to bear in mind that the earliest date for 
bombards in Europe is +1327, the year of the two illustrations in the Oxford 
MS. of Walter de Milamete's book De Nobilitatibus, Sapientis et Prudentiis Regum 
(On the Majesty, Wisdom and Prudence of Kings),* both showing vase-shaped 


a Cf. Vol. 4. pt. 2. рр. 48-9, 373, Vol. 5, pt. 4. pp. 70-1, etc. 

5 The encyclopaedia editors were in fact mixing up archaeology, ancient history and popular technological 
explanation. 

© Unlike some of the other pictures, this is one of those which have no accompanying text. TSCC, Jung chéng 
tien, ch. 101 (chhé chan pu), hui khao, p. 140. 

9 See Sect. 38 in Vol. 6, pt. т. 

* Ed. James (2). 
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Fig. 8o. Another bombard on a four-wheeled carriage, the mai fu chhung (‘subduing and burying cannon’), 
from TSCC, Chhé chen pu in Jung chéng tien, ch. 101, p. 14a. From all else that we know, this would have 
been more appropriate for +1326 or +1426 rather than +1726. 
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Fig. 81. A further illustration from ТСС, ibid. p. 146. One cannot tell whether it was intended to be a 

counterweighted trebuchet (Aui-hui phao) or a high-elevation bombard; at any rate, the name given is wei yuan 

shen chhung (*wonder-working long-range awe-inspiring cannon"). In works of this general kind, the scholars 

were very conservative, and the artists indifferent to what they were drawing, but such a situation is far 
different from what pertained in the professional military compendia. 
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Fig. 82. The oldest illustration of a bombard in Europe, a page from the Bodleian MS., datable at +1327, of 
Walter de Milamete’s De Nobilitatibus, Sapientis et Prudentiis Regum (On the Majesty, Wisdom and Prudence of 
Kings). A figure in armour on the right is gingerly applying a red-hot rod to the touch-hole of a vase-shaped 
cannon, out of the muzzle of which appears an arrow. Everything goes to show that the bore of the cannon was 
uniform, but it was thought wise to strengthen it by thickening the walls over the explosion chamber. The 
‘carpenter’s bench’ support for the bombard is worth noting, in view of what we see in Figs. 88, 106, 155 below. 


bombards both of which are firing arrows (Fig. 82, 83).* Some specimens of 
European cannon or hand-guns rather later than this in the +14th century are 
also preserved in Western museums; but the difference is that many of the 
Chinese ones are self-dated by inscriptions, either cast or incised. Let it not be 
thought, as some amateurs of Chinese art objects might be tempted to suppose, 
that these dated inscriptions could be forgeries; on the contrary, the low esti- 
mate in which technology was held by the traditional scholar-officials meant 
that no possible kudos could be gained by anyone in dating a bombard earlier 
than it really was." We made the point at the beginning of our work, when 

* This is the iconographic evidence, but in order to get into a picture the thing itself must have been known 
in Europe at any rate a few years earlier. Yet Partington (5), p. 101, could not adduce any textual evidence 
older than +1326, the date of a Florentine decree. 

P The question of modern copies is of course another matter. Chinese museums habitually make them, for 


simultaneous display in several locations, but expert examination easily distinguishes them from the original. 
Cf. on this Arima (1), p. 134. 

© Besides, no one in China before very modern times had the slightest idea of the comparative history of 
gunpowder and firearms. For a striking example of the disdainful, almost contemptuous, attitude of the Confu- 
cian scholars towards inventors and technologists, see Vol. 4, pt. 2, pp. 39ff. 
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Fig. 83. Another, similar, page from Walter de Milamete's MS. One of four knights on the left is again 
applying a heated rod to the rear end of a bombard lying on a sort of table with an arrow-head again visible at 
the muzzle. 
speaking of scientific texts we said: ‘One may feel confident that these have 
never been intentionally interfered with, partly because the Confucian scholars 
considered them too unimportant, and partly because until modern times it 
would never have occurred to any Chinese scholar that the slightest interest 
attached to placing of scientific knowledge or a technical process earlier than its 

proper date.’* 

From here onwards, the first thing to do will be to present a list of the earliest 
Chinese bombards and hand-guns now known, adding some commentary on the 
most interesting and important pieces; after which we may take a glance at some 
of the textual evidence for their use during the +13th and +14th centuries. 
Lastly we can have recourse to the descriptions and illustrations of bombards 
and hand-guns in the military compendia, which, sometimes irrespective of their 
date, belong clearly to the archaic period of artillery. 

In 1962 Arima Seiho was able to list twenty-eight early Chinese examples of 

^ Vol. 1, p. 77. On the other hand, there have been clear forgeries in Europe, for example a mortar dated 


+1322 but self-dismissing on account of its completely incongruous decoration; cf. Arima (7), pp. 345-6. 
Another, purporting to be of +1303, is equally unacceptable; cf. Partington (5), p. 98. 
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these weapons, seven of which were of the +14th century.* His oldest specimen 
dated from +1372, with four others from +1377 and two from the years im- 
mediately following. But in 1957 Chou Wei had listed six others,” some decided- 
ly earlier in date, for the oldest was of +1332, and two others of +1356 and 
+1357. It was in the former year, according to Arima, that the Koreans 
obtained their first bronze cannon from China, and it may be that the transmit- 
ter was a Chinese merchant named Li Khang!.* Again, in 1957, an artillery 
exhibition which was mounted in Peking displayed several early bronze can- 
nons, and three of these were afterwards described in detail by Wang Jung (2). 
But the climax of the series so far was the bronze gun of about +1288 reported 
and described by Wei Kuo-Chung (7) seven years ago; we shall return to it when 
discussing Table 1, which lists most of those known that date from before the 
end of the Yung-Lo reign-period (+1424). 

From the illustrations (Fig. 85, 88, 92, 93) it is already possible to sketch one 
or two characteristics of the successive periods. The early metal-barrel hand- 
guns or cannons tend to have a muzzle of blunderbuss type, the later ones are 
plain or with a single fillet beading;* but in nearly all cases the wall is made 
bulbous at the base (or closed breech end), i.e. intentionally thickened, with the 
bore remaining the same, at the part where the propellant explosion was to take 
place, and this was in fact called yao shi? (the gunpowder chamber). Behind 
this they all have a hollow projection into which a wooden tiller or handle could 
be fitted. Towards the end of the +14th century the vent or touch-hole was 
elaborated to include a priming-pan, the hinged lid of which has in a few cases 
been preserved. The bulbous strengthening (or reinforce) of the barrel (ог 
chase) at the breech end (cf. Fig. 84, goa, 6, 91, 93)" brings up the question of the 
vase-shaped or bottle-shaped character of many of the early bombards both in 
East and West, indeed a significant common trait, and we shall return to it 
presently (p. 329). Later on, in the +15th century and the +16th, the chase or 
barrel of cannons was strengthened by very rugged rings or bands included as 
part of the casting, as we shall see (p. 331). This form continued into the era of 
breech-loading cannon with removable powder-chambers held in place with 
wooden wedges (cf. p. 365 below). 

* (1), рр. 137-9: 

P. (т), p. 270 and pl. 83. 

© Boots (1), p. 20, took this from the dynastic history Koryó-sa?, providing no reference and giving the 
impression that the date was +1392; but that cannot be right, as on the following page he says that an arsenal 


for guns and bombards was established in Koryó in +1377. A later writer, Yu Sóngnyong?, in his Su-a Manjip* 
(Essays from the Western Cliff), of c. +1605, puts the date at +1372, which is also quite possible; cf. Cipolla 
(1), p. 105. 

4 One of +1332, the +1351 example, and one of those of +1372. 

* For the explanation of the technical terms used in this paragraph and later see the diagram in Blackmore 
(2), p. 216 and accompanying text. 

f Arima (1), p. 112. 

* Arima, of. cit. p. 129. 

^ Arima, of. cit. p. 112. Naturally all these archaic fire-arms were muzzle-loaded. 
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Table i. Early Chinese hand-guns and cannon (to approximately the end of the Yung-Lo reign-period, +1424) 
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Table 1. (cont.) 





Dimensions 
muzzle bore Weight 
diameter kg. 
cm. 


Length 
overall 
cm. 


Provenance 
and where preserved 


Inscription" References 








+1414 Collection of Taga Muneshi . 2:265 bronze Kuroda (1); Arima (1), 
рр. 121—2, 138, 141 

+1421 Kuroda Collection : : s bronze Kuroda (т); Arima (1), pp. 122, 
138 

+1421 Berlin Museum . . bronze Feldhaus (1); p. 419 (28); Gohl- 
ke (2); Kuroda (1); Arima (1), 
pP- 123, 138 

+1423 Kuroda Collection . . . bronze Kuroda (1); Arima (1), pp. 124, 
138, 141 

+1426 cast iron Goodrich (24); Naganuma (1), 
ch. 5 














* As regards the distinction between bombards and hand-guns, an individual soldier could be expected to carry a weight of some 201b. or about 9-1 kg., so most 
of the specimens listed in the Table are of the smaller arm. When the weight has not been recorded, the photograph will clearly show which variety of firearm is in 
question. 

^ The presence of an inscription, incised or cast, on the bombard or hand-gun, is indicated by the sign I. Generally, though not always, this includes the date of 
production, together with other details about the military unit for which it was intended. Cf. the inscription on the crossbow or arcuballista trigger given in pt. 6, (e, f) 
above. 

* This hand-gun contained a mass of material black because of its charcoal content (18-24 96), and hence assumed to be the remains of a gunpowder charge. 
Naturally all but a trace of the saltpetre had gone, and there was only 2 % of sulphur left. According to Féng Chia-Shéng (6), p. 31, a pottery jar containing similar 
material was discovered in Chahar province in 1947 by Pai Wan-Yü!, a member of the Peking Academy. He believed it was of the late +12th century, and in fact a 
huo kuan? of the kind referred to on p. 168 above. Cf. Lo Ché-Wén (т). 

9 The two weights given are those of the examples in the Nanthung Museum. The general range of weight runs from бо to 300 kg. 

© This find was particularly interesting, because it included a large number of cast bronze cannon-balls or hand-gun projectiles, ranging in diameter from 1-9 to 
2-3 cm. diameter. Cf. Lo Ché-Wén (1). 

* This gun had a cast-on bronze tail or tiller rather than a socket of trumpet-shape behind the explosion chamber, into which a wooden handle could be wedged. 
Li supposed that a wooden handle would have been bound on to it, and suspected that it was the more primitive type. 

& There are two of these, and cach has two pairs of trunnions. 

^. For the year +1380 rather exact figures for firearms equipment have been preserved, as was noted by Goodrich & Féng Chia-Shéng (1), p. 122. For example, 
the Ming Shih Lu, Thai Tsu sect. ch. 129, p. 7а (p. 2055) specifies ro hand-guns (chung?) and то fire-lances (chhiang*) for every тоо men. Ta Ming Hui Tien (ch. 192, 
р. 63a) confirms this, but gives the wrong date of +1393. The Hsü Wên Hsien Thung Khao (ch. 134, p. 3994-2) mentions for +1380 several kinds of chhung, chhiang and 
phao*, clearly of different sizes from hand-guns to cannon, including chan khou phao® (biunderbuss muzzle guns, cf. p. 289). Every three years from +1380 the arsenals 
turned out 3000 bronze cannon with a bore as large in diameter as a rice-bowl (wan khou thung chhung?) and 3000 bronze hand-guns (shou pa thung chhung®). In +1393 
each warship was equipped with 4 bowl-size bore cannon, 16 hand-guns, and 20 fire-lances, as well as much other ammunition and bombs (ch. 134, p. 3995:1). 
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Fig. 84. Bronze hand-gun of c. +1288 from Heilungchiang excavations, after Wei-Kuo-Chung (г). 


In this Table, the deepest interest naturally attaches to the first entry, that for 
the small bombard or hand-gun excavated and described by Wei Kuo-Chung 
(т), and attributed to the years before -- 1290. Since this takes us back nearly 
forty years earlier than the Milamete MS illustrations, it is necessary to scruti- 
nise the find rather closely. If the diagnosis was sound, the object (Fig. 84) is of 
cardinal importance for our story; as we shall see, the archaeological evidence is 
circumstantial, but supported by unexpectedly telling textual witness. 

The excavation was carried out at Pan-la-chhéng-tzu! village on the bank of 
the A-shih? River in A-chhéng hsien? district in modern Heilungchiang province 
in Manchuria.* The hand-gun was part of a kind of hoard of bronze objects; it 
was more than a foot long and weighed nearly 8 lb., but there was no inscrip- 
tion on it, so it bore no date. The longest part was the barrel, and behind that 
came the usual bulbous-walled explosion chamber, then the hollow slightly con- 
ical sleeve or socket which doubtless held the wooden handle. The gunpowder 
chamber is provided with a small touch-hole. The accompanying objects in- 
cluded a bronze mirror, a bronze cooking-pan, and a bronze vase with a narrow 
neck, all in the extremely characteristic style of the Jurchen Chin (Tartar) 
period, i.e. the products of a tradition stemming from a dynasty which had been 
obliterated by the Mongols in +1234: Consequently Wei concluded that all 
these things could not have been buried later than about +1290. 

Now the military history of this part of the world happens to be rather well 
known. From the Yuan Shih? we learn that there were considerable combats, just 
in the region where the hand-gun was found, in +1287 and the following years. 
A rebellion initiated by a Mongol prince named Nayan? was put down, not 


* This place is not far away from the former Jurchen city of Shang-ching*. Major battles had been fought 
near there in +1217 and +1233. 
^ Ch. 162, pp. 84, 9а, tr. auct. 
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without a good deal of trouble; by Li Thing!, a commander in the Yuan service 
who came of an old Jurchen Chin family called Phuchha?.* Nayan was a Chris- 
tian prince, the descendant of Belgutai, half-brother of the great Chingiz, and 
after his revolt against Khubilai, a revolt which a Korean brigade helped Li 
Thing to defeat, he was bloodlessly executed." 

It is quite clear that during this campaign gunpowder weapons were much 
used. The Yuan Shih text tells us that towards the end of +1287 Li Thing equip- 
ped and led groups of foot-soldiers carrying and using Auo рћао?, so these could 
evidently not have been the heavy and unwieldy trebuchets of former times. We 
read that: 


Li Thing personally led а detachment of ten brave soldiers holding huo phao, and in a 
night attack penetrated the enemy's camp. Then they let off the pao, which caused great 
damage, and such confusion that the enemy soldiers attacked and killed each other, 
flying in all directions.‘ 


This could of course be interpreted as an assault with grenades, but on the 
immediately following page there is a further statement concerning some time 
early in +1288. It goes as follows: І 


Li Thing chose gun-soldicrs (chiumg 1507). concealing those who bore the Aue phao on 
their backs; then by night he crossed the river? moved upstream, and fired off (the 
weapons). This threw all the enemy’s horses and men into great confusion ... and he 
gained a great victory." 


Here we have such an explicit statement that hand-guns or portable bombards 
must have been involved rather than grenades or small bombs.! Indeed this 
must be опе of the earliest occurrences of the term chung anywhere in the liter- 
ature.* Consequently, one may say that Wei Kuo-Chung's interpretation is 
supported by remarkably interesting textual authority, for after all the Yuan Shih 
was under preparation almost as soon as the Ming dynasty had begun. His find 
will long remain of capital importance, since it is the only metal-barrel hand-gun 
so far discovered which almost certainly belongs to the + 13th century. 

There is room for a good deal of further research on these earliest bombards 
and hand-guns of the Mongol period before the second half of the -- 14th century 
which. has left us so many surviving examples," To what extent ‘fire-barrels’ 
(huo thung') were used during the invasions of Japan in +1274 and +1281 re- 


Cf. p. 226 above. 
„Соке dij vol. 9. p. S345. A 
* Prüsek (4) got this right, and saw the imporiance of it, but unaccountably called him Li Thing- Yü. 
= This was the Hu-lin® River, formerly called the Kuei-lich-erh’. 
CE Hin Yuan Shih, ch. 405; pp. 60, 7а, in the biography of another Mongol prince, Hatan?, On him sec 
Cordier (ту, vol. 2, p. 280: he was à son ОГО ОН, and a successful military commander. 
EO. Franke {ч}; vol.4; p. 467 vol. 5. p. 234: knew the first of these two passages, but did not notice the 
second oae, with its highly important technical term. 
S Ja this sense: Heret p. 304 below. 
" See in this connection а particularly the recent study of Okada Noboru (у 
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mains uncertain, but Arisaka Sh6z6* firmly maintained that much evidence of 
their employment exists. For example, the book Nihon Kokujokushi? (History of 
Japan's Humiliation), written about +1300 not long after the invasions, makes 
many mentions of the huo thung',® referring not only to the Battle of Tsushima’? in 
+1274 when the Mongols were commanded by the general Hu-Tun?, but also to 
the coastal assaults of +1281." The uncertainty here lies in the fact that fire- 
lances could have been meant. But the Hachiman Gudó-kun* (Tales of the God of 
War told to the Simple) of c. +1360 speaks of iron phao (teppo?) ‘which caused a 
flash of light and a loud noise when fired’; and the Taiheki® (Records of the Reign 
of Great Peace) of c. +1370 mentions ‘iron phao (thieh рћао?) shaped like a bell’ 
which made a noise like a thunder-clap and shot out thousands of iron balls as 
projectiles.’ These descriptions certainly look rather more like hand-guns and 
bombards than fire-lances; but the first could mean only cast-iron bombs such 
as we have seen in the Moko Shirai Ekotoba (p. 176 above), and the second rather 
suggests eruptors with their flocks of co-viative bullets. But the subject requires 
further investigation. Poems of the Yuan period might also be a source of useful 
knowledge; Wang Ling quoted two from the Yü Ssu Chi? ( Jade Box Collection) of 
Chang Hsien”, who was writing about +1341, but we have thought it more 
fitting to place one of them with fire-lance flame-throwers (p. 228 above), and 
the other seems rather to belong with shell-tossing eruptors (p. 270 above). 
Sul, it is likely that poems which were being written during the last quarter of 
the - 13th century and the first quarter of the +14th may contain valuable 
information on true metal-barrel guns and cannon. 

Returning to Table t, our attention is attracted to the ninth of the items, a 
find remarkable for many reasons: (a) the weapons are the oldest cannon in the 
list, as opposed to hand-guns; (4) several hundred of them exist, nearly all in- 
scribed; and (c) they were made for a transient principality the name of which no 
forger would have thought of using." They belong to the years +1356 and 
+1357, and their background needs а little explanation. Chang Shih-Chhéng®, 


= (rj. ch. 3, sect. 2. 

^ This source also mentions thar the Mongol forces commanded by the general Fan Wén-Hu! in +128) 
used poisoned. arrows shor from ‘barrels’, which must be a relerence to the co-viative fire-lance projectiles 
discussed on p. 222 above. 

` A provisional translation of these references was given by Wang Ling (11. pp. 17556. 

* Both these sources have been provisionally translated. in Wang Ling (1), p.175 and Goodrich & Féng 

Chia-Shéng (1), p. 120 and addendum. in was the name for musket universally used in later Japan (cf: 
p. 239). Е 
These cannon have been thought bv some to look like early sevente enth- century European pieces, but icis 
inconceivable that all that weight of irisc ribed metal could have been cast for fictitious purposes: No collectors 
would ever have wanted such large and heavy antiques, and in traditional China such things were not col- 
tected, moreover, the find of the weapons. was not dispersed. 

"The photograph published by Goodrich £24) bore a clear caption in Chinese giving the circumstances as we 
have related them. On the other hand. the inscriptions. since not decipherable in the photograph, have been 
written in by hand: and Carrington Goodrich recalls (ietter.of з ‘March 1682) feeling some scepticism at the 
ume he -published the paper in 1944. The full story could only be cleared up by researches at Nanthung itself. 
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the ruler for whom they were cast, was one of those adventurers who acquired 
power in a limited area during the struggles between the Yuan Mongols and the 
forces of Chu Yuan-Chang which eventually brought all China under the sway 
of the Ming dynasty. Originally he was a smuggling salt merchant of Thaichow 
in Chiangsu, but in +1353 he led a rebellion of saltern workers and farmers, 
taking first Kaoyu and then establishing his rule in Suchow and Hangchow. 
First he called himself the Sincerity Prince (Chhéng Wang!) but later he found- 
ed a ‘dynasty’ called Ta Chou’, with its first (and only) reign-period Thien- 
Yu; and it was in the зга and 4th years of this that the technically minded 
potentate caused so many iron cannon to be cast for his army. Towards the end 
of +1357 he surrendered, however, only to declare independence once again, in 
+1363, taking the title of Prince of Eastern Wu (Wu Wang’). In the end he was 
overcome by Chu Yuan-Chang's general Hsü Ta? (+1329 to +1383)", fled to 
Nanking, and hanged himself there or was put to death in +1367. An ephemeral 
ruler indeed, but decidedly interesting.* 

From one of the poems of Chang Wén-Hu? in his Shu I Shih Shih Tshun’ we 
know that the cannon were all unearthed together in Nanking, where Hsü Ta 
must have buried them, about the middle of the nineteenth century, when the 
old grounds of the academy were being made into a public park or playground 
(Hsiao Chhang?)?. Some of them were then taken to the Museum at Nanthung?, 
where they still аге.“ They have one pair of trunnions each, and a little bulge 
over the explosion chamber. Typical inscriptions read like this: “Cast in the third 
year of the Chou Dynasty, weight 500 catties’; or “Cast on the first day of the 
sixth month of the fourth year of the Chou Dynasty'. 

This puts us in mind of the many other inscriptions on the Chinese hand- -guns 
and cannon of the +14th century; but it will suffice to give only a few. For 
example, the gun of +1332 bears the following words: ‘Made on the 14th day of 
the second month of the 3rd year of the Chih-Shun reign-period. Border- 
pacifying anti-bandit forces, no. 300. Ma-shan”.’! One of those of +1372 was 
manufactured for use afloat.? It reads: 


* There is no mention of either dynasty or reign-period even in Moule & Yetts (1), so they were always little 
known, and the authenticity of the finds indubitable. 

© [t will be remembered that he was the one who tested out Chiao Yii’s fire-weapons; cf. p. 27 above. 

© Cf. Méng Sén (1), pp. 16-17; Dardess (1). He was good at promoting commoners. 

d The text is in ch. 2, p. 22а. 

* A couple of them were photographed by Goodrich (24). Han Kuo-Chün (7), in his monograph on Chang 
Shih-Chhéng, gives in ch. roo a reconstruction of the prince's cannon-foundry. Cf. Féng Chia-Shéng (6), p. 39. 

It happens that Nanthung is the home town of our first collaborator, Wang Ching-Ning, and I suspect that 
it was these ancient cannon in the Museum that inspired him to work on the history of artillery in China. 

© Wang Jung (1), tr. Goodrich (25). Ma-shan is obviously a place-name, but it may also have designated a 
brigade or division. 

5 This is especially interesting because many of the convoy warships on the great + 15th-century voyages of 
the admiral Chéng Ho (cf. Vol. 4, pt. 3, pp. 487 ff.), with their equipment and the marines who sailed in them, 
came from that Left Naval Station. Already in an earlier volume (Vol. 4, pt. 3, p. 516) we drew attention to this 
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Fig. 85. The Yuan bronze gun or bombard of +1332 (photo. Nat. Historical Museum, Peking). 


Left naval guard squadron, Chin! Division, no. 42, (fire-) barrel with large bowl-shaped 
muzzle (ta wan khou thung?), weight 26 catties. Cast on a fortunate day in the twelfth 
month of the 5th year of the Hung-Wu reign-period by the Pao-Yuan? (Foundry) 
Office.” 


This description of the blunderbuss-like mouth is particularly interesting in view 
of the fact that many of the early cannon had this shape, almost as if to receive a 
heavy ball of stone or iron greater in diameter than the main bore (cf. Figs. 85, 
88, 92, 93). Very shortly afterwards, from the beginning of the following year, 
+1373, we have another inscription, as follows: 


Chung-shan* Garrison,” no. 130. Long chhung? barrel, weighing 3 catties, 6 oz. Cast by 
the Pao-Yuan? (Foundry) Office on a fortunate day in the twelfth month of the 5th year 
of the Hung-Wu reign-period.* 


context. The question of the use of naval cannon on Chéng Ho's voyages was discussed in some detail by 
Duyvendak (19), though with various misunderstandings, and partly on the basis of evidence from a later work 
of fiction. Still, we have no doubt at all that naval guns were carried by the Grand Treasure Fleets of +1405 to 
+1433. We gratefully record here interesting discussions with our collaborator Lo Jung-Pang on this subject in 
1962. 

а Wang Jung (1), tr. auct. The Pao-Yuan Office was responsible for making all kinds of military equipment, 
even drums. 

P This was the Purple Mountain, just north-east of Nanking. 

© Tr. Goodrich (15). The difference in the dating arises because the Chinese year included nearly all of 
January. 
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Fig. 86. Another view of the dated gun or bombard of +1332 (orig. photo.). The inscription can be seen in 
both these pictures. 


All these labellings may be compared with that on the crossbow or arcuballista 
trigger mechanism of bronze depicted and described above (pt. 6, 30 (е) 2, (7) 
3). For reasons already given, there can be no doubt of their authenticity. 

The finds reported by Li I-Yu (z) from inside the east gate of the old city of 
Tokoto in Inner Mongolia, at the junction of the Black River with the Yellow R., 
are interesting for a number of reasons, such as the large pile of bronze-ball 
ammunition that was with them. But several of the Ming examples of hand- 
bombards (+1377, +1379) have inscriptions showing that they were intended 
for gunnery practice. Thus one says: 


Hand-gun made on a fortunate day in the roth year of the Hung-Wu reign-period, for 
Training Officer (Chiao Shih!) Shen Ming-Erh? and Instructor (Hsi Hsüeh Chün 
Jen’) A Tê, at the Left Naval Station, for teaching the troops, wt. 3 catties, 8 
liang.? 


Another mentions by name Training Officer Chu I? and Instructor Shang Shih- 
San belonging to an Assault Guard Unit (Au pén tso wei’). A third gives the 
names of the makers, Artisan Hsü Chhéng? and Apprentice Military Artisan 
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Fig. 87. Rubbing of the inscription on this gun, specifying the third year of the Chih-Shun reign-period. 
Translation on p. 296. 


Wang! at the Yuanchow?^ Arsenal, working in this case for Local Commander 
and Battalion Judge Ho Hsiang?. What a strange and unexpected form of im- 
mortality it was to have one's name and title inscribed on a bronze gun which 
archaeologists six centuries later would uncover." 
It is not really possible as yet to pinpoint the origin of the true metal-barrel 
* Names of gunners came down, of course, in song and story too. For example, the famous novel Shui Hu 
Chuan? (Stories of the River-Banks) tells how Sung Chiang? managed to lure and capture Ling Chen, the 


greatest artillerist of his age. The work was first collected from older plays and tales just about this time. The 
incident is related in Hui 54. 
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Fig. 88. A reconstruction of the probable housing of this bombard, together with a cross-section, after Wang 
Jung (т). Note again the ‘carpenter’s bench’ type of mounting. 





Fig. 89. The +14th-century cast-iron Chinese gun in the Rotunda Museum at Woolwich (Class I, 50). Calibre 
4:15 in., overall length 18-7 in. Photo. Blackmore. 
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Fig. goa. Bombard or hand-gun dated +1351 and made of cast bronze, in the Nat. Historical Museum, Peking 
(orig. photo.) 





Fig. gob. Another view of the same gun (photo. Nat. Historical Museum). 
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Fig. 91. Cross-section of the gun of +1351, with a reconstruction showing how the wooden tiller was fitted into 
the recess at the end opposite the muzzle. This recess will have been evident in all the early guns so far 
depicted. 





Fig. 93. Cross-section of the Ming bombard dated +1372 (the fifth year of the Hung-Wu reign-period), with a 

suggestion from the Ping Lu as to how it was mounted (cf. Fig. 106 below). Such a ‘Mr Facing-both-Ways’ 

device could certainly have doubled the rate of fire, but might not have been very comfortable for gunners 
standing behind it. From Wang Jung (т). 
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Fig. 94a. A cast-iron mortar or bombard dated +1377 with two pairs of trunnions, in the Provincial Historical 
Museum at Thaiyuan in Shansi (orig. photo.). 





Fig. 94b. Another view of the same mortar (orig. photo.). The touch-hole is very clear. 
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Fig. 95. Chinese bronze gun conserved in the Rotunda Museum at Woolwich (Class П, 261). The inscription 
dates it as made in the 7th year of the Yung-Lo reign-period (+1409). Length c. 2 ft. Photo. Blackmore. 


gun. But we have seen that metal barrels were first introduced for fire-lances and 
eruptors, quite a long time probably before single bore-fitting projectiles made 
full use of gunpowder's propellant force. We also noted that the term Auo thung! 
(fire-tube) goes back at least as far as Thang times (p. 221) when it meant only 
a fuse in a tube for lighting signal-fires on the roofs of outpost-towers. Then, 
from the beginning of the t 13th century we shall remember the Hsing Chün Hsii 
Chih and its references to huo thung! about +1230; here the difficulty is to be sure 
whether ‘tube’ or ‘barrel’ meant real barrel-guns or simply the tubes of fire- 
lances and eruptors (proto-cannon).* When we get to +1288 we do really meet 
with the metal-barrel gun, and under its subsequent name of chhung?, in the 
affairs of Li Thing in the far north, making surprise attacks on the camps of 
Nayan (p. 294). Accordingly we can only suppose at present that about the 
middle of the +13th century would be the time of origin of the weapon, and it 
may be hoped that further study of the literature, together with fortunate archae- 
ological finds, may help in due course to make the conclusion more precise. 
The next item on the agenda would be the battle accounts which describe the 
use of the earliest fire-arms, but since by the +14th century these were becoming 
so widespread all over the Old World, we may be content with but a few exam- 
ples. By +1353 the Yuan Mongol forces were using ‘fire-tubes’ (huo thung?) 
against the armies of Chang Shih-Chhéng,^ and they were firing huo tsu*, lit. 
‘fire-barbs’ or ‘javelin-heads’; but by now these can hardly have been either the 
fire-arrows (huo chien?) of antiquity, nor yet the rockets so prominent later— 
rather they were arrows shot from guns, exactly as we see in the famous pictures 


* P. 221 above. 
^ Cf. Goodrich & Fang Chao-Ying (1), vol. 1, pp. 99ff. 
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Fig. 96. The inscription on this gun, occupying the rear section of the barrel. 
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of Walter de Milamete (Figs. 82, 83).* In +1358 and the following year Li 
Chen!, one of Chang's generals, successfully defended the city of Shao-hsing 
against a siege train commanded for Chu Yuan-Chang by Hsü Ta?’ and Hu 
Ta-Hai’. From the Pao Yüeh Га? written soon afterwards by Hsü Mien-Chih?,° 
we know that cannon and hand-guns (huo thung®) were liberally used by both 
sides,! firing not only stone balls (skik chhiu) but iron ones too (thieh tan 
wan?)^ Actual cannon-balls of those times have been recovered by the 
Japanese archaeologists excavating the Mongol summer capital of Shang-tu? at 
Dolon Nor.” Both were of stone, 3 and 4 in. in diameter,? and since the palace 
was destroyed by fire in +1358 they are not likely to be much later. Then the 
term huo chhung comes in again during the internecine strife among the Mongol 
generals at the close of the dynasty, as when Ta-Chha-Ma-Shih-Li!! was 
fighting (and defeating) Polo Timur (Po-Lo Thieh-Mu-Erh?) near Peking.” 
The latter was loyal to the last Yuan emperor, Shun Ti (Toghan Timur), but to 
no avail; in the fifties and sixties both Mongols and Chinese fought among them- 
selves in kaleidoscopic alliances until finally Chu Yuan-Chang won everything. 
By the end of that time quite large cannon were coming into use, like the ‘bronze 
general’ (tung chiang-chiin®) used by. Hsü Ta in +1366 when attacking Chang 
Shih-Chhéng’s capital at Suchow.! Beyond this point we need hardly pursue the 
story. 

Yet there are a few matters of interest in the late +14th century which refuse 
to be passed over in silence. For example, we hear, as we rarely do, of a gunner 
in person; his name was Yang (Yang Phao-Shou') and he deserted from the 
Mongol side to that of Chu Yuan-Chang in +1356. He was then put in charge of 
a detachment of soldiers armed with hand-guns (chhung shou} in: the engage- 
ments leading to the defeat of Chhen Yu-Liang”, one of the provincial rulers who 
resisted the rise of the Ming—this was in +1363.* The campaign depended 
much on firearms. Téng Yü” defended Nanchhang successfully with hand-guns 


* Féng Chia-Shéng (6), p. 75. 

© Cf his biography in Ming Shih, ch. 125, р. 35. 

* Goodrich & Fang Chao-Ying (1), vol. 2; p. 1396. 

3 Franke (23) tt pp. 9,23; 33, 35 for the Chou side, pp. 18, 43 for the Ming side. 

* lbid: p. 43. CE. Féng Chia-Shéng (6), p: 95. ^ 

" Harada Yoshito & Komai Kazuchika (2). pp. 24, 67, fig. 21. 

* Weighing 21-2 and 55-6. oz. respectively. Associated objects were, a Sung coin, a stele of +1322, ава 
various Ше, some of cobalt blue, others ornamented with leaves and stems. Cf. p. 292 7. 
CON Fag Chia-Shéng (6), p. 75:00 Polo Timar see. | Gordier (11; vol. 2, p. 362. His biography is in Yuan Shih, 
ch, 95, p: 96 and ch. 207; p. 24. 

* Féng, lac. cit. СГ. also Phing Wu Lu. p. 40a, and Wang Jen-Chin (7), Ko Chih Ku Wei, ch. 5. p. 11b. 

The bestaccount of the period from the present point of view is that of Goodrich & Féng €hia-Shéng (1). 
pp. 120-1. 

* Sung Hsieh Shih Chhüan Chi Pu 1, ch. 3 (p. i347): CÈ pp. 30-1 above. 





URBE SAS E 2. 
5 D E T. 8 ib tob x KR 
ВЕ EB ee Se ty a БЕ sog 


"Buon ull 


30. THE GUNPOWDER EPIC 307 


(tuo chhung') in +1362, and Үй Thung-Hai? used them to great effect in the 
famous naval Battle of the Po-yang Lake in the following year.” So did the Ming 
forces in the struggle of +1371 against yet another provincial potentate, Ming 
Shéng?, the ruler in Szechuan, whose father had been self-appointed like the 
others. Chu Yuan-Chang’s fleet advanced up the Yangtze defying the enemy's 
thieh chhung* and firing its huo phao? and huo thung*, all now certainly guns, and in 
a final battle around Chhéngtu routed by the same means the elephants which 
Shu had imported.* Then in +1387 came hostilities with Ava-Burma, in prepa- 
ration for which Mu Ying’, the general on the frontier, was ordered to make 
ready no less than a couple of thousand Auo chhung* hand-guns, and have his 
arsenals working night and day manufacturing gunpowder for фет. In the 
following year the Shan Burmese attacked, with a large elephant corps, but once 
again the Chinese artillery was more than a match for them, and their prince 
Ssu-Lun-Fa? was heavily defeated and fled.’ So much for the last years of the 
t r4th century. 

Let us not forget. however, the cultures neighbouring to China. Korea, for 
example, got bombards as well as Europe during the +14th century. From 
+1356 onwards that country was much harassed by Japanese wo khou!? pirates, 
and the Koryó king, Kongmin Wang", sent a special envoy to the Ming court 
appealing for a supply of firearms. Strictly speaking, of course, the Ming had not 
begun, but Chu Yuan-Chang" seems to have treated the request kindly and re- 
sponded in some measure.! The Koryó-sa mentions a certain type of bombard 
(chong Cong?) which could send arrows from the Nam-kang"™ hill to the south of 
the Sun-ch'on Sa" temple with such force and velocity that they would penetrate 
completely into the ground together with their feathering (Figs. 97, 98).5 In 
+1372 one Li Khang (or Li Yuan") came from South China to Korea, a salt- 
petre expert (yen hsiao chiang "), perhaps a merchant, and he was befriended by the 
courtier Choi Muson”. He asked him confidentially about the secrets of his 
mystery, and sent several of his retainers to learn his arts from him. Choi became 
the first Korean to manufacture gunpowder and gun barrels, all depending on Li 
Khang's transmission." We also hear of a royal inspection ofa new fleet in + 1373, 


^ Ming Shik Lu, Thai Tsu sect. їз. 








k. 129. pp. 1241, T а. poiga: Ming Shik La, Thai Tsu sect. бл 
Wu Chhao Huang. pp. 35 Ж; Ming Shih La, Thai Tsu sect. 182. 

` Wing Shik, ch. 126, pp. yga, 5: Ming Shih Lu; Thai Tsu sect. 180. 

` Котб, ch. 44, of. Arima (2), pp. 227. 
Bid. ch: 81, Arima, doc. cit; This recalls vividly the bombards in Walter de Milamete’s picture (Figs 82, 








83). 
P See Arima (7), p. 231. Cf. also р. 289 above. 
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Fig. 98. Arrow of the same kind but larger, over 9 ft long, with metal head and fins, shot from a similar type of 
gun. Seoul Museum. From Boots (1), pl. 21a. 


including tests of guns with larger barrels for shooting incendiary arrows against 
the pirate ships.? 

Then in +1373 a new mission, led by Sang Sa-on! was sent to the Chinese 
capital asking for urgent supplies of gunpowder.” The Koreans had built special 
ships for repelling the Japanese pirates, and these needed gunpowder for their 
cannon. In the following year another request was made to the Ming emperor 
after the military camps at Happo? were set ablaze by Japanese pirates, with 
over five thousand casualties. At first Thai Tsu was reluctant to supply powder 
and arms to the Koreans, but in the middle of +1374 he changed his mind, and 
besides supplying what was sought, he sent military officers to inspect the anti- 
pirate ships built by the Koreans. The Koryó-sa records the first systematic 
manufacture of hand-guns and bombards in Korea in +1377, saying that the 
arsenal was directed by a ‘Fire-Barrel Superintendent’ (Huo Thung Tu Chien’), 


^ Koryé-sa, ch. 44; cf. Arima (1), p. 228. 

^ Hui-ch’an Ryósa, ch. 6; cf. Arima (1), p. 229. One has to remember also that this was just before the 
disintegration period of the Koryó kingdom, and the establishment of the Chosón kingdom under a new 
dynasty in +1392. 


ETA Gd ESI 




















310 30. MILITARY TECHNOLOGY 


whose new post was established at the suggestion of Choi Muson.* After this the 
Korean artillery never looked back, and played a quite important part in the 
campaigns of the + 16th century." 

During the following couple of centuries the knowledge of firearms was a 
‘restricted’ item in the Ming dynasty. Hence scholars were not sufficiently ac- 
quainted with guns and cannon to deal with them adequately in their writings. 
Such a lack of knowledge on military affairs and weaponry under the Ming is 
clearly demonstrated by the compilers of the official history in the +17th cen- 
tury. The sub-section on military writings in the bibliographical chapters of the 
Ming Shih, for example, contains fifty-eight titles but misses out more than half 
the list of Ming military works mentioned by Chiao Hsü' in his preface to the 
Huo Kung Chhieh Yao? in + 1643." 


Chang Thing-Yü? in the Ming Shik spoke thus about firearms: 


What the ancient people called pao was a trebuchet for hurling stone projectiles. A the 
beginning of the Yuan (dynasty) а phao* (introduced) from Western parts (Asi УЙ?) was 
used to attack Tshai-chou®, a city held by the Jurchen Chin Tartars. This was the first 
use (of the phao as a form) of fixe(-arm), but the technique was not handed down and the 
weapon was little used. Afterwards, the technique of the shen chi chhiang phao! was ac- 
quired (45) during the conquest of Annam in Chhéng Tsu's time, and he set up a special 
Sabie tan dat (shen chi ying?) so that the army rondi learn how to make ет.“ They used 
bronze, brass, and copper, in layers, as also iron’... They were made in several differ- 
ent sizes, the Jargest being placed on carriages, the smaller ones on frameworks, and the 
smallest on posts or other supports. Their chief value was for defence, but they could be 
used also in the field. 


This was alla muddle. The first sentence was right enough, but the reference to 
the counter-weighted or ‘Muslim’ trebuchet (hui hui phao™), which the writer 
evidently thought was a cannon, was misguided in another way as weli, for the 
Jurchen Chin State was extinguished in +1234 and the Yuan dynasty did not 
begin till +1280." Understandably perhaps in view of the fluctuating terminol- 


* Ch. 18; cf Arima (2), p. 230. 

* Cf. p. 289. Many museum specimens of old Korean hand-guns and bombards are illustrated by Boots (1). 

* Ming Shih, ch. 99, pp. 85 to 104. 

3 Oh. gs, p. ioa; tr. ayet. This dynastic history was commissioned in +1646 but not finished until ninety 
years later, We say Chang Thing-Yü because he was chief editor, but the monograph on military affairs was 
assüredly Hot written by him. Perhaps Chiang Chhen- Ying! was responsible, but we do not really know the 
name ofthe writer: 

* Repeated їп Ming Hal Уло ch. 6i (p. #189). whi 
athe of the Yung-Lo erip or г.а te n 
+ igro (ef Cordier (ту. vol: 3; pp. 338). 

Sheng shit chhili hung Miang chien" ; difficili i6 make sense of metà Hurgicaily. Cf. Vol. 5, pt. 2, p. 

* Here the text muse be баку for'à few words. 

' There can be no doubt that the former niisunderstandiug planted а seed of error which when grown up 
pes many later historians (cf. p; 272 above). The true date for the appearance of counterweighted 
trebuchets in China was more like - 1270 (cf pr. 6 {f}. д above). 


ih says b iiro.Chhéng Tsu was the posthumous temple 
* invasions df Annam took place between +1303 and 
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ogy already described (p. 248), the confusion then becomes worse confounded, 
for the shen chi! (magical trigger machine) was the term used for a musket, while 
a chhiang^? was а fire-lance,* with or without co-viative projectiles, and а phao* 
could be a cannon but not usually a hand-gun. The writer was also weak in 
metallurgy, for otherwise he could hardly have written as he did about the mate- 
rials used. After this, the concluding sentences clearly refer to bombards and early 
cannon (known since +1320 or so), hand-guns (from +1290 at least), and even 
muskets with their forked supporting sticks. In sum, the writer had no clear idea 
of what he was talking about, and we must try to unravel what we can from his 
words. 

The fourth sentence in the passage was liable to convey the false impression 
that something called a shen chi chhiang was the first barrel-gun. Chao I, for 
example, interpreted it in this way in +1790,” and he was followed by many 
Westerners such as Mayers® and H. A. Giles, who all supposed that metal- 
barrel guns had first entered China as a Vietnamese invention. Arima tried to 
save the situation by rendering the same sentence: “When it came to the time of 
the Ming emperor Chhéng Tsu, (new) techniques of (using) the shen chi chhiang 
were developed during the conquest of Annam.'* And indeed it is true that the 
Huo Lung Ching describes the shen chhiang chien? ‘magical (fire-)lance arrow’ (Fig. 
99) as izhu chi phing An-Nan chih chhi_yeh®, i.e. ‘this is the very weapon (used in) the 
subduing of Annam’ f It was in fact a fire-lance made of ironwood, which sent 
out an arrow and a number of lead bullets as co-viative projectiles. However, 
one cannot exclude the meaning that 'this is the very weapon (acquired during) 
the conquest of Annam’. Moreover, one can find a statement in the Phing Phi Pai 
Chin Fang (+1626) that during the Yung-Lo reign-period (+ 1403 to. +1424) 
when Annam was conquered, the Annamese were found to be skilful in making 
this type of fire-lance, whereupon the Ming emperor ordered it to be copied and 
manufactured.? Thus what came up from Vietnam was only one of the many 
fire-lances described in Chinese sources." 

Without wishing to diminish in any way the ingenuity of the Annamese mili- 


a 


Originally of course just а spear. 
5 Kai Үй Tshung Khao, th. 30; p. 16a, b. 


© (6; рф 2 * 1), p. at. * Чч). pp. 168-9. 
' Huo Chhi Thu. р. 205; other references are given on p. 251 above. But it is noteworthy that the illustration 
and caption appears in the earliest stratum, i.e. tigia (НЕС, pr. i, ch. 2, p. 234, $). 


2 Ch.4, p.325. 

^ CF Pun 240 ff. above. Nevertheless Chinese historians continued to talk about the origin of the arquebus ог 
musket from Annam ат this time, e.g. Ling Yang-Tsao’ in his Li Shas Phien® of + 1799, ch. 40 (p. 49). 

This Annamese connection may perhaps have been the origin of the statement in Tavernier (1); first Engl. 
tr. bk, 111, p. £87 that the people of Asem (Assam) were those who had ‘formerly invented Guns and Powder, 
which apresd itself from Asers to Pegu [in Burma], and from Pegu to China, from whence the invention has 
been attributed to the Chineses'. This passage was reproduced by Gait (1); p. 92, in the context of the expedi- 
tion of Mirgimola (Mir fumiah) to › Assam in 1663. Por these references we are indebted to Dr Anthony 
Butler of St Andrews. ` 
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Fig. 99. The ‘magical (fire-)lance arrow’ (shen chhiang chien) in HCT, p. 206, the description of which has 

misled some writers into supposing that guns originated in Annam. It was in fact a fire-lance made of iron- 

wood, and sent out an arrow along with some lead bullets as co-viative projectiles. But it might be described as a 

proto-gun because it is said to have shot the projectiles 300 paces, and to have had a wooden wad behind the 
arrow. 
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tary technicians, it is a fact that the Southern Sung people had been moving 
further and further south under pressure from Mongolian troops, from the mid- 
dle of the +13th century onwards.? Remnants of the Sung soldiery could have 
crossed over into Annam to escape the onslaught of the Mongols, and some of 
them could have brought along their fire-lance designs.” The Annamese could 
well have developed their shen chhiang chien from these, using the very hard local 
wood. 'The Chinese of the Ming did not regard scientific and technical inven- 
tions and discoveries as a matter of national prestige; no controversies arose 
paralleling that concerning the invention of the calculus, or the discovery of 
Neptune, in Europe. On the contrary, the Chinese were always ready to ac- 
knowledge the foreign origin of any product or device, often using words like hu! 
and yang? before the names of objects. So the Annamese origin of the shen chhiang 
chien would have caused them no difficulty. 

Chhi Chi-Kuang? mentions in his Lien Ping Shih Chi* (Treatise on Military 
Training) of +1568 that the ‘crouching-tiger cannon’ (hu tun phao?) was already 
put into service at various points along the Chinese border at the very beginning 
of the Ming dynasty (+1368).° This is only what one would expect, and throws 
useful light on the general development. The Lien Ping Shih Chi itself is listed in 
the bibliographical chapters of the Ming Shih, so it appears that the editors did 
not have time to read all the books they listed. Surely it was the lack of know- 
ledge of firearms on the part of the compilers of the military monograph of the 
Ming Shih that made the passage so muddled. To understand more clearly about 
the earliest bombards and cannon we have to turn once again to the military 
compendia. 

But first let us follow further the Ming Shih text as it deals with developments 
in the first half of the +15th century. The writer, whose terminology now be- 
comes more consistent and comprehensible, tells us that in +1412, just after the 
campaigns in Annam, and the same year that saw the first printing of the Huo 
Lung Ching, an imperial edict ordered the stationing of batteries of five cannon 
(phao9) at each of the frontier passes as а kind of garrison artillery. In +1422 
Chang Fu’, one of the generals who had been victorious in Vietnam, petitioned 
that the system be extended to the northern frontiers, e.g. in Shansi, and this 
was done, though great secrecy was enjoined. In +1430 another officer, Than 
Kuang’, suggested that hand-guns (shen chhung?) should be supplied to all fron- 
tier guard towers and fortified villages.! So also in +1441 two border comman- 


^ [t will be remembered from p. 209 above that the Chinese, especially southerners, were regarded in Yuan 
times as third-class citizens. 

^ [n more recent times we have seen remnants of the Chinese Kuomintang Army establishing themselves 
outside the Chinese borders in Indo-China, Burma and Thailand. 

© Lien Ping Shih Chi (Tsa Chi), ch. 5, p. 20a (p. 235). 

4 The reference for all these three events is Ming Shih, ch. 92, p. 105. 
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ders, Huang Chen! and Yang Hung’, began to establish arsenals for these 
weapons (shen chhung chii*) near the frontiers, but now the emperor Ying Tsung 
stepped in and forbade the decentralisation of gun foundries on security 
grounds. Next, in +1448, a Warden of the Marches, Yang Shan", petitioned for 
leave to make more double-ended bronze bombards (lang thou thung chhung?), 
which must have been the same as the rotating double bowl-muzzle bombards 
(wan khou chhung?) which we shall encounter presently (Fig. 106)?—and pre- 
sumably he got it." Then comes another interesting sidelight on southerners, 
for in + 1450 an official named Chiang Chhao’ recommended the manufacture of 
triple-barrel iron fire-lances? (san thung thieh huo-yao chhiang?) such as were used 
with shields (/tuo san?) by his military colleague Phing Ап!!, and made especial- 
ly well by Shih Ao" and the people of Ying-chou" in Kweichow province. 
Tested and approved. Arrow-firing guns were still in use, for in +1464 Fang 
Néng reported gratifying results in border combats with ‘nine-dragon guns’ 
(chiu lung thung) which shot nine arrows at a time when ignited only once. The 
nervousness about frontier arsenals continued all through the century, for in 
+1496 it was again insisted that the centralised Ministry of Works (Kung Pu") 
alone should manufacture guns and cannon, and send them out to the various 
border units.’ Finally, with relation to +1529, the text begins to tell about the 
Frankish cannon ( fo-/ang-chi ") or Portuguese breech-loading slings, and that is 
another story which for the moment we must postpone.” 

Fora clear picture of the various types of early bombards and cannon we have 
to fall back on the Huo Lung Ching. The Fire-Drake Manual describes them as 
follows. The ‘crouching-tiger cannon’ (hu tun phao'*, Fig. 75} we have already 
had occasion to mention several times (pp. 21, 277). The text says: 


® These were found also in'Europe. The Munich Latin MS. CLM 197, of about +1442, has an illustration 
of two guns pointing opposite ways on a carriage. It was the earliest solution, perhaps, of the problem of 
achieving repeating fire. 

^ Ming Shik, ch. 92, p. 114. 

© Or guns, for the word chhung® is also used in the same breath, and they shot something like goo paces. 
They may have been some kind of ribaudequin, but there аге plenty of examples of fire-lances with several 
barrels in earlier centuries (p. 243 above). 

3 On shields used with firearms see p. 414 below. 

t Again Ming SHB, ch. 92, p. 11a. 

t: This was the case in Europe too; cf. Partington (5), pp. 101, t44. 154. The. Livre de Cannonerie of about 
+14307 describes guns and. bombards that shoot arrows (like Walter de Milamete's), and so does the Latin MS. 
BN тод Өө t1459. 

8 Ming Hui Yao, ch. бї (p. 118g). 

^ GÉ-pp. 369 f£ below. 

NEC. pra; eho asp. за, 6; Hue САМ Thu, p. 10b; tr. auct; A more дааны description of the йи Фип-фйао 
cannon is given in the Ping Lu, ch. (3, pp. 85, фа, b: Also in WPC, ch. 129. pp. 144-168, tr. Davis & Ware (1). 
р. 534. The text there describes the lead shot as still co-viative, ex ipt for the large lead bail that fils the 
muzzle. 
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This is so called because of its shape. It measures 2 feet in length and weighs 36 catties.* 
Each of the (iron) staples (used to pin down the cannon in position) weighs 3 catties and 
measures 1 ft 2 in. in length. The six cast-iron bands (for strengthening the barrel) each 
measures т ft 1 in. and weighs 3 catties. The barrel holds 100 bullets, each weighing 0-5 
oz. (5 chhien!) and 8 oz. of (gun-)powder. 


Contrary to natural expectation from the figure, this small bombard must have 
fired to the right, as otherwise the staples would not have acted to deaden the 
recoil effect. The balls may have been placed in a bag, like langrage, otherwise 
the gun would have been but an eruptor. This belongs to the earliest stratum of 
the Huo Lung Ching, i.e. by +1350; and the bands round the barrel were the 
forerunners of the much more prominent strengthenings of later date." 

Adjacent to this is a weapon called the ‘long-range awe-inspiring cannon’ (wei 
yuan рћао?, Fig. 100).* The text says: 


Each weighs 120 catties! and measures 2 ft. 8 in. long. The touch-hole is 5 in. from the 
base and 3:2 in. from where the belly begins. The diameter of the bore at the muzzle is 
more than 2-2 in. Above the touch-hole there is a movable lid to protect (the priming 
powder) from rain. This cannon does not give a great bang nor much recoil. With 8 oz. 
of gunpowder use one large lead ball weighing 2 catties, or 100 small lead bullets (in a 


bag), cach weighing 0-6 oz. (6 chAien). Firing is done very conveniently by hand. 


Here we see the very model of the bombards already illustrated which had walls 
thickened round the explosion chamber, but we can be sure that the bore was 
uniform in diameter all through. Here again is the type of early vase-shaped or 
bottle-shape bombard often mentioned (p. 236 above, p. 330 below). In the 
* 14th-century illustrations, the weapon is not provided with sights, but by 
+1600 they are there, cast оп.“ 


© Le. 21.6 kg. The Ming catty (Ib.) equalled just under 0-6 kg. 

" This was actually a very important weapon, and an example of how Chinese artisans could get things 
right at an extremely early stage. The crouching-tiger guns were still being used in the armament of the very 
sophisticated Sino-Korean fleet which was the decisive factor in the repulsion of the Japanese invasion 
attempts of the +15905. These light-weight cannon seem to have been the earliest successful attempt to 
produce a built-up cast-iron gun, anticipating the methods of Armstrong and Whitworth by about five centu- 
ries. The bands or rings were probably shrunk on while red-hot, like the tyres of wheelwrights (and they may 
have been of wrought iron with its greater tensile strength), while the prongs again were саз: separately. One 
would very much like to know whether the method of making malleable cast iron, so long supposed to have 
been:a 3: 17th- or rBth-centüry European invention but now recognised as having started in Warring States 
and Han times (cf. Sect. 36), was used for these cannon: In.anv case the Chinese had an age-long experience оѓ 
cooling iron castings (cf. Needham, 32), and in the present case consummate control of size for accuracy of fit 
was essential. The. result indicaies.an amazing. mastery. of. the process by the foundrycmen. under mass: 
production conditions, where the probiems of quality control are notoriously difficult. They certainly did not 
have the method introduced by Dahlgren about 1858 for cooling cannon castings by having water-tubes in the 
core so as to ensure that all parts cooled at a uniform rate, It secms they did not need it. For much of this 
commentary We are indebted to Dr Clayton Bredt. RUN | 
2 HEC, pt. i; ch. 2. p. за, b; Huo Chii Tha, p. tog; tr auct; cE WPC, ch. 122, pp. iib. 124, 4, às also Ping Lu; 
Үр. 55. ба, ё. This must nat be confused with the ‘long-range awe-inspiting general’ (wi yuan chiang: 
chi). a title given by the Chhing emperor to-a cannon made by Tai Tzu‘ in +1676. Sce p. 409 below. 

TS grkg 

* The breech one is labelled chae men’, and that at the muzzie is marked chao Asing®, 


M oe RAR Жама ‘Re ек 











316 30. MILITARY TECHNOLOGY 


— — 


— e mat aa ——. «өе 





Fig. roo. Pursuing the vase shape—the *long-range awe-inspiring cannon" (wei yuan phao), from HLC, pt. 1, 
ch. 2, p. 2a. Since this is in the first stratum of the book, its date must be at least as early as about +1350. It 
was always a matter of thickening the metal wall over the explosion chamber. 
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Another firearm of those early days was the small ‘swift thunder cannon' (ейп 
lei phao').* The Huo Lung Ching says: 


Each one of these weighs more than 10 catties. The touch-hole is 2-5 in. from the base, 
and about т in. or more behind it there is an eyelet through which an iron chain is passed 
for securing (the cannon) to the ground, in order to prevent the recoil. Many can be used 
as a single battery for destroying enemy mines and artillery positions from a distance. 


Since this weighed only seven kilos or so, it would have been easily portable.” Its 
biconical form was probably intended to strengthen the wall of the explosion 
chamber and to allow for the placing of a ball at the blunderbuss-like muzzle. 

One of these small hand-guns actually fired a shell. This was the ‘flying 
hidden-bomb gun’ ( fei méng phao?).* We read: 


'The body (i.e. barrel) is made of iron and measures r ft in length and 3 in. in diameter. 
It is attached to a (wooden) handle 2 ft 5 in. long. Gunpowder is first packed down the 
barrel. Then a small iron bomb 4 in. long and 2:5 in, in diameter containing poison-fire 
gunpowder (tu huo yao?) and iron filings,* and sealed at the mouth with glue and paper, is 
put inside the muzzle of the gun (chhung*). The fuses of the greater and the lesser guns 
are connected together, so that when the former is fired the bomb is projected and then 
explodes, killing instantly both men and horses. 


The size and handle of this curious shell-firing weapon (Fig. 101) show that it 
was much more like a gun than a cannon. The Chinese term phao, which nowa- 
days refers to the cannon, and the term chhung which now means gun, were 
sometimes used interchangeably during the early stages of development of the 
gun and cannon, and in this case they both apply to the same thing. 

Next we come to something on wheels, which looks, although still very small, 
like the earliest piece of field artillery. This is the ‘thousand-ball thunder can- 
non’ (chhien tzu lei phao? Fig. 102). The text says: 


This is cast from bronze, and measures 1 ft. 8 in. in length, with a diameter of 5 in. 
Gunpowder is pressed down to fill six-tenths of the barrel; then two-tenths of the barrel 
is filled with fine earth which is packed in very gently. Then two or three pint measures 
of iron balls (enclosed in a bag) are put in. The cannon is fastened with iron hoops to a 
four-wheeled carriage, and a wood shield is placed in front so that the enemy does not 
know of its presence; then this is removed before the cannon is fired. The shots go with a 
force (that destroys things along their path) like the breaking of dried twigs.2 


* HLC, pt. 1, ch. 2, p. 4a, b, Huo Сі Thu, p. 114; tr. auct. Cf. WPC, ch. 122, pp. 165, 17a. 

> [t will be remembered that the limit of portability would be about 9 kg. or 20 lb. 

© HLC, pt. 1, ch. 2, р. 10а, b. Huo САМ Thu, p. 144; tr. auct. See also Ping Lu, ch. 12, p. 19a, b. Méng here 
properly means ‘mica’, but one has to take it here in the sense of ‘concealed’. It occurs in all the versions, e.g. 
WPC, ch. 123, p. 134, b. 

9 Cf. p. 180 above. 

* Presumably to increase the coruscating effect at the receiving end. 

© HLC, pt. 1, ch. 2, p. 14а, b, Huo САМ Thu, p. 16a; tr. auct. Cf. WPC, ch. 123, р. 27а, b. Several mistakes in 
the text have to be corrected to make sense. 

= The similarity to a European four-wheeled piece (Fig. 103) is striking, but that, one remembers, is at least 
a century later. 
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Fig. тот. Азтай hand-gun that fired a shell, the ‘fying hidden-homb gon! { fei mëng phas), from HLC, үй. i, 

ch 2, p. 104, and PL, ch. 12, p. 195, whence the picture. The short barrel was of iron. the tier of wood, and 

the strong-casing canister, which contained poisonous substances as well as gunpowder, was fired lic by the 
propellant explosion. 
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Fig. гот. Perhaps the earliest piece of field artillery, the ‘thousand-ball thunder cannon’ {chiten tzu let pháo); 

from HCT, p. 162, which makes it date from between +1300 and 1350. It is noteworthy that the cannon is 

по vase-shaped, showing that better metallurgy had rendered the thickening of the wall over the explosion 
chamber unnecessary : 
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Fig. 103. A European field piece of about a century later, from a German Firework Book of c. +1450, for 
comparison of the four-wheel carriage (photo. Tower of London Armouries). Note also the incendiary bombs 


being fired from crossbows by the soldiers on the right of the picture. 
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This was now something like grape-shot or langrage (cf. p. 275 above). Many 
other forms of firearm were also mounted on two-wheel barrows, for instance 
(Fig. 104) a seven-barrel ribaudequin called the ‘seven-stars gun’ (chhi hsing 
chhung').* Similar cannon, perhaps rather more developed, occur in the later 
strata of the Huo Lung Ching, such as the ‘barbarian-attacking cannon’ (kung jung 
phao’; cf. Fig. 105); simply a mobile artillery piece carried on a two-wheel car- 
riage.” But its markedly vase-shaped form is clearly seen in the illustration. 
Other gun- or cannon-bearing vehicles occur in the literature, notably the ‘great 
effective mobile gun-carriage' (ta shen chhung kun chhé?) described by Lü Khun in 
+1607,° and the ‘gun-carriage’ (chhung chhé^) mentioned by Chiao Hsü in 
+ 1643.4 But by that time we are almost in the modern period. 

The Ming Shih mentions among many other types a ‘wine-cup muzzle cannon’ 
(chan khou pha) and a *bowl-size muzzle cannon’ (wan khou phao*)." We have 
already drawn attention (p. 297 above) to the convenience of the bowl-shaped 
mouth for holding a projectile that could be a little larger in diameter than 
the bore itself. One of the most curious of these types was a ‘Mr Facing-Both- 
Ways’ or Janus-like weapon which consisted of two guns pointing in opposite di- 
rections and mounted on a pivoted support (Fig. 106). According to Ho Ju-Pin’s 
description: 


The ‘double bowl-mouthed gun’ (wan khou chhung?) consists of (two) guns set on a mov- 
able support pivoted (so that it can rotate horizontally) on a (wooden) bench. Thus 
there are two heads (muzzles) pointing away from one another. Immediately after firing 
the first gun the second is (rotated into position and) fired, each one being muzzle- 
loaded with a large stone projectile. If the gun is aimed at the hull of an enemy ship 
below the water-line, the cannon-balls shoot along the surface and smash its side into 
splinters (so that it sinks). It is a very handy weapon. 


This was evidently one of the earliest solutions of the problem of accomplishing 
repeating бге, but one would rather not have been one of the gunners standing 
in the background while the sergeant was firing off the front-pointing compo- 
nent. Loading and re-loading would also have been rather slow, unless the bar- 
rels were replaceable, and several kept in reserve.^ 


* HLC, pt. 1, ch. 2, p. 154, b; as in the Huo Kung Pei Yao ed.; Huo САМ Thu, p. 16b. Cf. WPC, ch. 124, pp. 165, 
17а. 

^ НІС, pt. 2, ch. 2, pp. 10а, b, 115; ИРС, ch. 123, рр. 245, 25a. The grapnel anchors are for fixing the 
bombard to minimise recoil. 

© Shou Chhéng Chiu Ming Shu, pp. 145, 15a. 3 Huo Kung Chhieh Yao; Thu sect. p. 204, b (p. 33). 

* Ch. 92, p. 12a. Both of these appear elsewhere with the words chAung? or chiang-chin® (general) substituted 
for phao. The exact term chosen probably depended on the size of the piece. 

In the late Ming it was recommended that one of the bowl-mouthed cannon should be mounted on each 
observation-tower of the northern frontier defences; WPC, ch. 97, pp. 145, 154; cf. Serruys (2), p. 19. 

f Ping Lu, ch. 12, p. 105, tr. auct. 

& A further step was the ‘cartwheel guns’ (chhé lun phao!?), which had 36 of them radiating from a centre like 
the spokes of a wheel; WPC, ch. 123, pp. 235, 24a, tr. Davis & Ware (1), p. 535. A single mule could carry one 
of these on each side— but still some of the barrels pointed at the gunner. 

^ A closely similar device appeared in Europe too, c. +1386, with two capita or testes (Tout (1), p. 635). 
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Fig. лод. A seven-barrelled ribaudequin.carriéd on two wheels, the chhi hsi 
Although only two auxiliary barrels are shown, it looks as if six small 
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Fig. 105. The ‘barbarian-attacking cannon’ (kung jung phao? depicted in HEC, pr. a; ch. т, p. топа, One cán see 
that a certain degree of vase shape is still present, and that the recoil is modified by grapne! anchors. A 
two-wheeled barrow carries the artillery piece. 
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Fig. 106. The double-ended blunderbuss-mouthed gun supported on a ‘carpenter's bench’ (PL, ch. 12, p. 
105). This wan khou chhung was intended for naval warfare, and rotating the two barrels about a central point 
doubled the rate of fire. 
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In the illustration the bulge over the explosion-chamber can be well seen, and 
this raises the question of the vase- or bottle-shaped character of the earliest 
bombards both in East and West, a question we can no longer postpone. The 
form undoubtedly arose because the first gunners felt that they ought to streng- - 
then the metal wall of the tube at the point where the propellant explosion was 
going to take place, even though, as we have seen (p. 315) the bore was uniform 
throughout.* Some have contrasted the vase-forms with the straight-sided cylin- 
drical uniform-diameter tubes developing from the bamboo stem into all the 
later muskets and field pieces, but when one realises that whatever the shape 
externally, the bore always remained uniform, any seeming contradiction dis- 
appears. Antique forms exactly like vases occur in the military compendia, for 
example the ‘eight directions over-aweing wind-fire cannon’ (fa mien shen wei feng 
huo phao')’ shown in Fig. 107. We are told that it is 3 ft long, can be pointed in 
any direction, takes two men to work it (one to aim and one to fire), and sends 
forth a lead ball which can pass right through several men or shatter the sides of 
enemy ships to sink them, with a range of more than 200 paces. 

Another vase-shaped bombard is the ‘boring-through-mountains and 
smashing-up-places thunder-fire cannon’ (chhuan shan pho ti huo lei phao?).* It is 
described as made of bronze, 4 ft long, and firing a packet of 3 pint measures of 
lead balls or a single iron cannon-ball as large as a couple of rice-bowls put 
together. A similar but more stumpy bottle-shaped gun, rather like a mortar, is 
the ‘flying, smashing and bursting bomb-cannon' (fei tshui cha phao?), which 
fires cast-iron bomb-shells containing calthrops as well as gunpowder (Fig. 108); 
fuses running to the touch-holes through bamboo tubes enable the artilleryman 
to make a quick getaway." 

But it is when we come to the stack of bottle-guns called the ‘nine ox-jar 
battery’ (chiu niu wéng?) that we see the shape in its most characteristic form (Fig. 
109). Each one is 5 ft long and 1 ft in diameter," nine being fastened to a frame 


* Longitudinal sections have been given by many writers, e.g. Kuroda (1); Arima & Kuroda (7); Arima (7) 
and Wang Jung (гт). Cf. Figs. 88, 93 above. 

^ НІС, pt. 2, ch. 2, pp. 235, 24а, b; Wu Pei Huo Lung Ching, ch. 2, p. 185; WPC, ch. 133, pp. 54, ба. 

© HLC, pt. 2, ch. 3, pp. 266, 27a; Wu Pei Huo Lung Ching, ch. 2, p. 29a. 

4 We say a packet, but it must be remembered that no sharp line of distinction existed between the co- 
viative projectiles of the fire-lances and eruptors on the one hand, and the truly propelled cannon-balls of the 
later guns and cannon on the other. The co-viative principle persisted sometimes into the stage of metal-barrel 
weapons, with strong walls. 

* WPC, ch. 122, p. 26a, b. Cf. Davis & Ware (1), p. 530. 

f Perhaps these forms had been inspired by the vase-shaped pottery vessels with narrow base and mouth 
(Asiao khou hsiao ti*) containing lime and other offensive substances (cf. pp. 123ff above) which had been used 
for the projectiles called *wind-and-dust bombs’ ( feng chhen phao>). These are described and illustrated in HLC, 
pt. 1, ch. 2, p. 11a, b; Huo Chhi Thu, p. 145. Cf. Fig. 27 above. 

It is curious to see that Féng Chia-Shéng (6), pp. 74-5 says that the Mongols used ‘iron fire-vases' (thieh huo 
phing®) at the siege of Baghdad in +1258, while the English also had these in +1327, i.e. the date of the 
Milamete MS. Yet the former must have bcen iron bombs while the latter were undoubtedly bombards—a 
world of difference. 

Е HLC, pt. 2, ch. 3, pp. 14b, 15а, b; WPC, ch. 131, p. ба, b. 

һ The text does not say at which point along the length. 
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Fig. 107. The vase shape o once again, seen in the ‘eight directions over-aweing wind-fire cannon’ (pa mien shen 

wei fing hus pha), trom WPGC, ch. 133, p. 55. The bore has to be visualised as uniform throughout: No informa- 

tion-about the mounting is given, save that the weapon could be aimed in any one of the eight directions. This 

must have meant the four cardinal points and the four intermediate angles, as in the Eight Trigrams of the / 

eer (ef Mayers (1), p. 357, по. 247). But in the absence of universal joints, this may have been а slight 
exaggeration. 
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Fig 708. Vase-shaped mortars firing cast-iron bomb-shells containing calthrops as well as gunpowder, the 
fa tsini cha phao irom WPC, ch. 122, p. aba 
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Fig. 109. Stack of bottle- or vase-shaped guns very reminiscent of those in Walter de Milamete's pictures 

(Figs. 82, 83). WPC, ch. 131, p. 6a actually calls it the ‘nine ox-jar’ battery (chiu niu wéng), alluding to the shape 

(though only six are shown). Each gun propelled a stone cannon-ball, and all of them were fired by a single 
fuse. 
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with bands or hoops. The stone cannon-balls each have the sizeable weight of 20 
catties;? they are sent forth in a volley with a thunderous noise and, it is said, a 
range of more than то li. The captions of the illustration add that a single fuse is 
distributed to all the bombards, and that it takes very strong soldiers to move 
them about, which may well have been true as no wheels are shown. 

Here the striking thing is that we have a shape almost exactly like that of the 
bombards of Walter de Milamete (Figs. 82, 83)” which doubtless also had a bore 
of uniform diameter; and the similarity is so remarkable that one feels oneself in 
the presence of a palpable transmission from China. Of course it is true that the 
pictures and the text belong to the late +16th or early +17th century, but the 
thing itself is so archaic, and the conservatism of Chinese writers and artists so 
extreme, that we are greatly tempted to date these bottle-guns, or smaller ver- 
sions of them, in principle, to the neighbourhood of + 1300.* It is at least very 
curious that both in East Asia and Western Europe the first bombards should 
have developed exactly the same pear-shaped form.‘ And the long prior evolu- 
tion of firearms in the former part of the world, unparalleled in the latter, sug- 
gests strongly that this form was first arrived at there. 

In this connection we may recall from p. 170 the iron firearms (thieh huo 
phao') shaped like bottle-gourds (phao”) which Chao Yü-Tung used in the defence 
of Chhichow in +1221. It might be attractive to see in these the first metal- 
barrel bombards or hand-guns, but perhaps we should retain our previous inter- 
pretation of them as simply cast-iron gunpowder bombs. Chinese bottle-gourds, 
so often seen as recipients for medicines, or for life-elixirs when carried by the 
God of Longevity, always have a constricted waist, and this does recall the fore- 
part of the earliest bombards, though the bulge ahead of it, or above it, is not 
present, and would have had no obvious purpose, in a cannon.* Possibly its 
function in the bombs may have been to make their fracture easier, as in the 
corrugations of a modern grenade. Still, the true nature of the bottle-gourd 
weapons of the early + 13th century may be left an open question for the present. 

There are, it is true, two gourd-shaped weapons in the Huo Lung Ching, and 


а C. 12 kg. 

> CE pp. 284, 289 above. Burtt (1) says that the oldest reference of any kind to gunpowder in Europe 
after + 1327 is that of the Exchequer Pipe Rolls regarding the Battle of Crecy, in +1346. It is interesting that in 
+1353 he found references to ‘gunnis cum sagittis et pellotis’ (arrows and plugs), as also ‘gunnis cum telar’ 
(i.e. tillers for aiming). 

* As we said at the outset, the numerous fire-weapons have to be judged on the basis of developmental logic 
as well as literary sequence. Later authors, always secking for completeness, tended to describe and illustrate 
devices by their time long obsolete. 

3 Unfortunately not a single example of these has been preserved, either in East or West. The nearest 
approach is the Loshult gun (Fig. 110), named from the place in Skåne, Sweden, where it was found. It is a 
hand-gun made of bronze, c. 30 cm. long and with a bore of 3-6 cm. But it is trumpet- rather than pear-shaped. 
Blackmore (1), p. 5; cf. Reid (1), p. 54. 

* Here it is worth recalling that the bottle-gourd, Lagenaria siceraria (= vulgaris, R62; CC 178—9; Anon (rog), 
vol. 4, рр. 364—5); was absolutely uncharacteristic of Europe but quite common in China. This might be 
relevant to any Chinese antecedents of the Milamete bombards. 
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Fig. 110. The vase-shape in Europe again, a hand-gun of bronze found at Loshult in Skáne, Sweden, and 
considered to be of the -- 14th century. Now in the National Museum, Stockholm (no. 2891); photo. Black- 
more. This early gun is trumpet- rather than pear-shaped, however. 


one we have come across already. It is the *phalanx-charging fire-gourd' (chhung 
chen huo hu-lu'), and we translated the passage concerning it on p. 236 (Fig. 50) 
above; it is unquestionably a form of fire-lance emitting lead bullets as co-viative 
projectiles along with the flames of poison-gunpowder.? The other one we have 
not so far mentioned; it was called the ‘cavalry-opposing enemy-burning fire- 
gourd’ (tui ma shao jen huo hu-lu?).^ This was, it seems, a real gourd, strengthened 
with chemicalised and lacquered cloth, and filled with saltpetre, sulphur and 
carbonaceous materials. It was used as a kind of flame-thrower with a range of 
30—40 ft. The formula seems decidedly archaic so in spite of its relatively late 
appearance the device may be very old. But neither of these items throw any 
light on the present question. 

What, one may ask, led to the disappearance of the bombards with vase and 
bottle shapes, pear-like or gourd-like? It must have been metallurgical develop- 
ment leading to better cast iron and steel, less liable to crack and split, better 
able to withstand the strains of the boring process when this was done.* But the 
anxiety about wall strength long persisted, and we meet for a century or so more 

* ALC, pt. 1, ch. 3, p. 14a, b; Huo Chhi Thu, p. 32a; Huo Kung Pei Yao, ch. 3, p. 14a, b; WPC, ch. 130, 
р. 254, b. 


P HLC, pt. 2, ch. 3, pp. 115, 12a, b; WPC, ch. 130, p. 204, b. 
© A machine for boring cannon is illustrated and described іп WPC, ch. 131, pp. 7а, b, 8a. 
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Fig. 111. The next phase of gun and cannon construction, hooped, ridged or ringed barrels. Small Chinese 
pivot-mounted iron cannon in the Tower Armouries collection, London, probably of the +16th or +17th 
century (Class XIX, no. 114). See the catalogue of Blackmore (2), no. 204 B (2), p. 154. 


with barrels fortified by hoops or rings often cast on (Fig. 111, 112a, b, 113, 117, 
118, 119).? It is to these that we must now turn. 

For example, there is in the Tower of London Armouries a small Chinese 
pivot-mounted iron cannon cast in one piece, the chase having five rings project- 
ing at intervals and intrinsic to the casting.’ There is an inscription, unfortu- 
nately too worn to read. The wooden butt or tiller is preserved, slender and 
slightly curvihg, with a whorl finial. Somehow or other it found its way to Benin 
in Africa, where it was captured by a British expeditionary force in 1897. This 
piece (Fig. 111) is dated by the curators as of the +18th or + 19th century, and 
for this there may well be evidence, but judging by the form alone the + 16th and 
c 17th would be a better guess.‘ Similarly hooped, ribbed, ridged or crocketed, 
is a small three-barrelled signal-gun, only 18 cm. long (Fig. 112a, Ё), the date 
and provenance of which are unknown. But it is very like two signal-guns of 
about +1600 or earlier from Korea described and illustrated by Boots, though 
rather better made. He also gives a picture® taken from the Wu I Thu Phu Thung 
Chih' (Illustrated Military Encyclopaedia) of +1791, which shows a rider stand- 
ing in the saddle and holding up just such a signal-gun. For these firearms the 
expression Asin phao?, which will be remembered from p. 169 above, was re- 
tained. Every watch-tower in the northern defence system of the Ming had to be 
provided with at least one of these." 

a The hu tun phao (Fig. 75, pp. 279, 314 above) was an early example of this kind. 

^ Catalogue of Blackmore (2), no. 204, p. 154. Length 3 ft 3 in., bore 1-1 in. (2-8 cm.). As the entry says, the 
rings in such pieces as these may be vestigial in function, but we can make a guess about their origin. 

© rft5in. long. 

* Many Korean examples have been illustrated, as by Boots (1), pl. 20, 22 A, B; Pak Hae-ill (1), pl. 1 B, с, 
pl. 5 в. Two of these last are self-dated by inscriptions as of +1555 and +1557. This was in the heyday of 
the Yi dynasty, which had started in +1392, and before the Japanese invasion of Hideyoshi (cf. p. 469). See 
Figs. 113, 114, 115, and, for Chinese parallels, Figs. 116, 117, 118, 119. 

* [n the collection of Mr Howard Blackmore, to whom we offer thanks for permission to reproduce the 
photographs. 


£ (1), pls. 245, 26. 8 Ibid. pl. 24A, from ch. 4. 
^. See Serruys (2), pp. 31, 68, citing a document of +1436. 
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Fig. 112a. Hand-held three-barrelled signal-gun with two bands or ribs on the barrel, probably of the -- 17th 
century. Length overall 7:125 in. (18 cm.). Photo. Blackmore, in whose collection the object is. Probably 
Korean in origin. 





Fig. 112. Another view of the three-barrelled signal-gun to show the muzzles. Cf. Boots (1), pl. 24a for a rider 
using one of these, and pls. 245, 26 for Korean illustrations of similar signal-guns, but not so nicely made. 


There is a suggestion in the literature, not at all to be despised, that the 
strengthening hoops or rings on the barrels of these guns and cannon from the 
late 4 14th century onwards were originally derived from the model of the nodes 
of the bamboo tubes which formed the earliest fire-lance barrels. This attractive 
idea is found in Horvath (2) and several other writers.* It is noteworthy that the 
earliest cast bronze hand-guns and bombards of Table 1 often had these rings, 
though there was no great necessity for them. Then, when the practice came in 


* One of us (W. L.) has always maintained this. 
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bands of these cast-iron weapons were prolonged so as to take rings for lifting into position. 
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Fig. 113. Korean +16th-century bombards in the Seoul Museum, from Boots (1), pl. 20. Some of the ridges or 
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Fig. 114. A page from the Kukcho Отуе-йі depicting a mortar shooting a stone ball from a blunderbuss-like 
muzzle, as is implied by the name chhung thung wan khou. From Boots (1), pl. 22a. 
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Fig. 115. A similar mortar, with two ridges or hoops, in the Seoul Museum. From Boots (1), pl. 225. 


of building up barrels from forged longitudinal bars of low-carbon iron, the 
hoops would have acquired a very important function.? In later times the rings 
became rather exaggerated, but they seem to have had a dual origin, first 
skeuomorphic,” later technological. At all events, it was acute of Bernal to 


* Banks (1), a naval surgeon, writing in 1861, reported finding, in the Taku Forts after capture, a number of 
large Chinese cannon of dual character. The inner part with the bore was made of longitudinal bars welded 
together and bound with hoops, also welded, but outside this was a layer of cast iron, 2-75 in. thick at the 
muzzle. These weapons were all more than 9 ft long, and in two cases the cast-iron layer had broken away at 
the muzzle, revealing the inner structure. Banks was all the more surprised because this double structure was 
one of the techniques used at the time for making Armstrong-Whitworth guns, but it could hardly have been 


derivative. 
^ Cf. Vol. 2, p. 468. 
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Fig. 116. A bronze cannon of about +1530, showing how the rings have flattened out so as to occupy the 
greater part of the barrel. Photo, Nat. Historical Museum, Peking. 


remark that ‘the very name of the “barrel” of a cannon indicates its primitive 
construction from iron staves hooped together’ .* 

Chhi Chi-Kuang says that in former times a large cannon weighing about 
тобо catties? and known as the ‘great invincible general’ (wu ti ta chiang-chün!) 
was used, and later the weapon was modified but the name retained (Fig. 119).° 
Ho Ju-Pin refers to it as the ‘great general cannon’ (ta chiang-chün chhung?), and 
this is what he wrote about 1: 


* (1), p. 237. This holds good for English, but not perhaps for other European languages. Yet another 
possible origin might be sought in the fact that the arms of trebuchets, especially when composite, were 
strengthened with bands or hoops of iron wire (Vol. 5, pt. 6, (f), 5). We have already noted certain icono- 
graphic parallels between cannon-barrels and trebuchet-arms (pp. 280ff.). 

^ Le. 630 kg., more than twice as heavy as any of those listed in Table r. 

© Lien Ping Shih Chi (Tsa chi sect.) ch. 5, pp. 136-156 (pp. 226—9). He gives an illustration of it on a roofed 
two-wheeled gun-carriage, but by his time it had become a breech-loader with removable blocks. Cf. Huang 
Jen-Yü (5), pp. 179, 180. 

4 Ping Lu, ch. 12, pp. 74, b, 8a; tr. auct. According to Thang Shun-Chih the ta chiang-chün was also called 
the ‘thousand bullets cannon’ (chhien tzu chung?) which would imply some kind of grape-shot instead of a single 
cannon-ball; Wu Pien, ch. 5, p. 10a. 
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Fig. 117. Chinese bronze cannon of the Chhing period, dating towards the end of the +17th century, outside 
one of the gates of the Imperial Palace. Photo. Nat. Historical Museum, Peking. 


Among the large firearms there is none that is greater than the ‘great general gun’. Its 
barrel (used to) weigh 150 catties, and was attached to a stand made of bronze weighing 
1000 catties. It looked rather like the fo-/ang-chi! cannon. Yeh Méng-Hsiung** changed 
the weight of the gun to 250 catties and doubled its length to 6 feet, but eliminated the 
stand, and now it is placed on a carriage with wheels. When fired it has a range of 800 
paces. A large lead shell weighing 7 catties is called a ‘grandfather shell’ (kung?) and the 
next shell of medium size weighing 3 catties is a ‘son shell’ (tzut), while a smaller shell 
weighing 1 catty is a ‘grandson shell (sum^). There are also 200 small bullets each 
weighing 0-3 to 0-2 oz. (contained in the same shell) and called ‘grandchildren bullets’ 
(chhün sun®), while the saying is that the ‘grandfather’ leads the way and the ‘grandchil- 
dren’ follow (kung ling sun shang’). They are supplemented with iron and porcelain frag- 
ments previously boiled in cantharides beetle (pan mao?) poison. The total weight of the 
projectile is some 20 catties. A single shot has the power of a thunderbolt, causing sever- 
al hundred casualties among men and horses. If thousands, or tens of thousands, of (this 


а Flourished in the second half of the +16th century. 
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Fig. 118. Chinese ribbed +17th-century cannon in the Rotunda Museum at Woolwich Arsenal. Photo. Okada 
Noboru. 


weapon) were placed in position along the frontiers, and every one of them manned by 
soldiers well trained to use them, then (we should be) invincible. This weapon is indeed 
the ultimate among all firearms. At first its heavy weight caused some doubt as to 
whether or not it was too cumbersome; but if it is transported on its carriage then it is 
suitable, irrespective of height, distance or difficulty of terrain. During the 6th year of the 
Thien-Sun reign-period (+1462) 1200 gun-carriages were made. They included car- 
riages for the ‘large bronze cannon’ (/a thung chhung'). During the 1st year of the Chhéng- 
Hua reign-period (+1465) 300 different ‘great general (guns)’ were manufactured and 
500 carriages for cannon were made. This was an excellent strategy in using Chinese 
expertise to keep the barbarians under control. 


Cannon of essentially this type went on being produced in China until the early 
roth century.* 

With this then we may leave the first phase of gunnery in China, postponing 
the ‘Frankish culverin’ (fo-lang-chi”) and later developments for a short while. 
We need only add that for those interested in the logistic organisation of Chinese 
artillery in the +15th century there are plenty of passages which detail the num- 
ber and kind of guns in each unit, the amounts of powder and shot with which 


a In the Tower of London Armouries there is an example, ribbed in this way, ro ft 6 in. long and with a 
calibre of 7-5 in. (19 cm.). The Chinese inscription, recording its casting in 1841, during the Opium Wars, is 
translated in the catalogue of Blackmore (2), no. 207, p. 155. 
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Fig, 119. The great general cannon’ (1a chiang.chir chhung) as shown in PL, ch. +2, p. Ва. With its marked ribs, 
hoops or rings, jt was carried on a four-wheéled vehicle: and many examples of this weapon were made around 


+1465. 
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they were supplied, and the total weight involved. For example, we read that 
one battalion ( ying!), consisting of 40 batteries or units (/ui?), was equipped with 
3600 ‘thunderbolt shells’ (phi-li phao?), 160 ‘wine-cup muzzle general cannon’ 
(chan khou chiang-chün phao*), 200 large and 328 small ‘continuous bullet cannon’ 
(lien chu phao?) presumably firing grape-shot,? 624 hand-guns (shou pa chhung?), 
зоо small grenades (hsiao fei phao?), some 6-97 tons of gunpowder, and no less 
than 1,051,600 bullets of about 0-8 oz. weight each. This was quite some fire- 
power, and the total weight of the weaponry was reckoned to be 29-4 tons.” 
Clayton Bredt (1) made a good point when he remarked that China had a 
very considerable priority over Europe in the making of cannon from cast iron. 
It was not until the second half of the + 16th century that they could be used 
with safety there. But as we see from Table 1, cast iron had been used for cannon 
on a grand scale already in +1356 and the following year by Chang Shih- 
Chhéng’s ill-fated ‘Chow’ dynasty; and then further examples are extant from 
+1372 2067-187) nottogpeatcor +1426 and later, This was only natural since, 
as is well known,? the art of iron-casting had been mastered in China from the 
—4th century onwards, though it did not reach Europe until towards the end of 
the +14th century. All this does not mean that iron was not used for ordnance in 
the West till then; but it was wrought iron, forged and welded. European iron 
cannon of late + 14th-century date were built up of hammer-welded low-carbon 
iron bars and billets, bound together tightly with wrought-iron hoops as if for 
strengthened wooden barrels.* Earlier European castings were always of bronze, 
just as the earliest Chinese hand-guns and cannon also were. Indeed, even after 
iron-casting was thoroughly understood, guns of really high quality continued to 
be made of cast bronze, in Europe just as much as in China, down to the early 
nineteenth century and the advent of steel handling on an adequate scale. 


* Unless these were still eruptors, like that described on p. 263 above; but that would seem perhaps unlikely. 

> We Pien (Chhien Pien), ch. 3, p. 95a. 6. Note how in à passage like this, the significance of the word pana 
still has to be delicately adjusted to the context. 

* Cf. pp. 295-6 above. 

а See especially Needham (31, 32, бо, 72) 

* A good example of this built-up construc ction is ta be seen in the hand-guns excavated at Castle Rising in 
Norfolk, now in the Tower of London Armouries, They are not easily daiable, but probably belong to the first 
half of the - 15th century. СЕ Blackmore (2), no. 17, p. 55, the big gun from the Mary Rose, + 16th century, and 
no. 196, p. 151. See Figs. 120, 121. 

"Brass was also used in China as well as in the West. In 1959 two of us (J. N. and W. L.) had a long 
discussion with the late Prof J- К. Partington on the meaning of certain statements in Sung Y ing-Hsing’ з Thien 
Kung Khai Wu (4 1633). Sung? s knowledge of artillery was distinctly limited, as one car see from what he says 
abour die heavy cannon of that time-(ch, 15, p. 74, tr. Sun & Sun (1); p 271 arid Li Chhiao-Phing (2), р. 393. 
both metalturgically misleading). But elsewhere he says that for casting. Frankish culverins one should use 
brass (shu ане), for hand-guns aud signal guns one uses bronze, or some such alloy (sáéng shu thung’), possibly 
gun-metat. and for large cannon such a5 the ‘cup-mouthed great general’ (chan khou fa chiang- кй!) one must 
useiron(ch, 8. p. да, tr. бип & Sun (1). p. :65.and Li Chhiao-Phing {а}, p.-230, again both metalturgically 
misleading). One reason why we then knew that sha (mung? must mean brass was because in the previous 
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Fig. 120. The Boxted Hall cannon, c +1450. Here the hoops have not been cast in, but were fixed on after- 
wards. Photo. Blackmore. 





Fig. 121. Similar banding on Sultan Mehmet's cannon, now on the European bank of the Bosphorus at 
Istanbul. Photo. Bredt. 
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Detailed descriptions of gun-founding metallurgy are not lacking for the 
+15th and +16th centuries in China.* Iron from Fukien or Shansi was con- 
sidered the best. If not poured directly into the mould from a kind of cupola 
furnace, a variety of the co-fusion method? was used to get a more steely iron, 
5-7 parts of cast being combined with 1 of wrought. For some purposes the 
billets of this were forged into long bars and four of them welded together to 
make a barrel, then held tightly by hoops of iron carefully forged on. Two or 
more of these barrels could be combined by these straps into a ribaudequin. Such 
methods paralleled the early use of iron for guns in Europe, but already by the 
mid +14th century good examples of cast-iron cannons were being made in 
China. 

We might know more about gun-founding in the t 15th and + 16th centuries 
if it had not been regarded by the bureaucracy as so ‘restricted’ or ‘top secret’. 
In the dynastic history itself we have the following passage: 


‘The casting of guns and cannon is done in the Nei Fu!! palace compound, and it is 


forbidden to disclose any of the secrets of the techniques and designs'.? 


The close association of gun-founding with the royal prerogative is just what we 
find in the early centuries of the art in Europe too. The compound in question 
was part of the Palace Treasury, superintended by eunuchs, and one would like 
to know more about its exact relations with the Arsenals Bureau (Chün Chhi 
Chi’) and the Ministry of Works (Kung PuP).* But we must not pursue this 
subject further here. 


chapter (ch. 14, p. 75) Sung Ying-Hsing said that for ‘four times melted (i.e. refined) shu thung’ one takes 7 parts 
of thung! and 3 parts of chhien?. Since a copper-lead mixture would be quite useless for guns, Sung must 
have meant zinc here (wo chhien? ог pai chhien*); cf. Vol. 5 pt. 2, p. 184. Li Chhiao-Phing (2), p. 349 muffed 
this, saying tin, but Sun & Sun (1), p. 247 got it right. Cf. also Vol. 4, pt. 2, p. 145 and Vol. 5, pt. 2, 

. 208. 
i Sung Ying-Hsing also illustrated four small cannon (ch. 15, рр. 154, 16a, b). The first two were vase- or 
bottle-shaped, with a tiller, and therefore quite archaic in his time. One was called the ‘eight directions (i.e. 
pivot-mounted) hundred-bullets gun’ (pa-mien chuan pai-tzu lien-chu phao?), probably for firing some kind of 
grape-shot; while the other was a ‘magically effective smoke gun’ (shen yen phao9) looking most suspiciously like 
an eruptor. Yet it was also labelled ‘general gun’ (chiang-chün phao’). In the Ming edition a certain icono- 
graphic similarity with the Huo Lung Ching two centuries earlier can be detected. The third was called a ‘large 
magically-effective over-aweing cannon’ (shen wei ta phao®), and the fourth a ‘nine-arrow heart-piercing cannon’ 
(chiu shih tsuan-hsin phao?). All these were almost three hundred years out of date, and no more need be said of 
them here. 

а For example in Ping Lu, ch. 12, p. 1a, b. But they need a good deal more investigation than they have yet 
received. 
See Needham (32), pp. 26 f. (72). 
As for the making of the hu tun phao", p. 315 above. 
Ming Shih, ch. 72, p. 30a. 
See Hucker (6, 7). 
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(16) From DErLAGRATION TO DETONATION? 
(1) The rise in nitrate content 


The moment has now arrived when we must pause and look back over the way 
we have come. We have been able to show that there was no great break in 
continuity between the oldest slow-burning incendiary weapons, through the 
quick-burning ones such as the petrol flame-throwers, to the deflagration of the 
first gunpowder mixtures. Sulphur and charcoal were both of very ancient use; it 
was the addition of saltpetre which gave a new turn to the story. But for a long 
time the compositions seemed to be no more than better incendiaries; then it was 
found that they would explode when placed in weak-walled containers, still later 
that the explosions could be strong enough to break cast-iron bombs and gre- 
nades into fragments." In due course, explosive mixtures were produced of suffi- 
cient power, when used in land-mines and the like, to give brisant explosions 
capable of destroying fortifications and breaking down city gates. Eventually the 
true propellant property of optimally fast burning? within the bore of the metal- 
barrel hand-gun or bombard was attained, capable of sending on its way a pro- 
jectile, whether simple or composite, which perfectly occluded the charge. We 
saw, too, that the barrel, first of bamboo and only later of metal, long preceded 
the true gun, for advantage was taken of the incendiary property of gunpowder 
compositions to make those five-minute flame-throwers the fire-lances and erup- 
tors, ancestors respectively of the gun and the cannon. 

All this implies, upon analysis, one single thing more outstanding than any 
other, a slow and persistent rise in the nitrate content of the mixtures. It is only 
reasonable to ask how far the available figures bear out this interpretation. The 
first thing to do is to tabulate the data we have for the periods preceding any 
possible Western influence (Table 2). Here the important sources are the Wu 
Ching Tsung Yao" of +1044, and the Huo Lung Ching, first printed in +1412 but 
containing material which represents the situation about +1350. To have an 


* As noted on p. 110 above, contemporary explosives chemists do not use the term 'detonation' in connec- 
tion with gunpowder, reserving it for substances the rate of burning of which reaches supersonic speeds. Some 
of these have oxygen built into the molecule itself, like trinitro-toluene; but others do not, like lead azide 
(РЫМЫ), Ог. silver fülminate, mentioned elsewhere. in this Section. А mixture of acetylene and oxygen can also 
detonate in the strict sense. Therefore the title of this sub-section might preferably be ‘From Burning, through 
Deflagration, to Explosion’. 

> Cf particularly pp.-117, 248 above. 

< dts possible that à gunpowder charge inside а brite cast-iron container might be not much less effective 
in certain cirramstances than a detonating charge (in the modern sense), which would produce more air shock 
but much smaller fragments less effective against hard structures. 

* CE p; 484 below. 

* See p. 20 abave, where the exact references are given. 

Seep. o5 above. The section on gunpowder compositions is common to all the versions. In the Huo Lung 
Ching Chhüan Chi (the Nanyang edition) it is in pt. 1, ch. 1, pp. 62-154, and this places it firmly in the oldest 
stratam of the book. In the Ашо Chii Tha or Hsiangyang edition itis in ch. 1, рр: 32-90; and in the Hue Kung 
Psi Yao version it isin ch. 4; рр.ба-г5а. The Wy Pei Hun Lung Ching gives haif-a-dozen composition figures Bot 
in the other versions, which state only the constituents, but tHe proportions are so archaic that it must have 
been copying earlier sources. 
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adequate perspective in mind we must recall the dates of +1290 and +1327 
for the first bombards in China and in Europe respectively; then (as we shall 
see) the Portuguese or ‘Frankish’ breech-block cannon were in China by about 
+1511, and the Jesuit period, which so greatly intensified East- West relation- 
ships, was well under way by +1600. 

This list of about two dozen different gunpowder compositions in the Hsiang- 
yang version of the Huo Lung Ching (the Huo Chhi Thu) is identical with that in 
the first part of the large Nanyang edition (Huo Lung Ching Chhüan Chi), and that 
of the Huo Kung Pei Yao version also. Indeed the last two are exactly identical 
down to the number of words on the page, and are more carefully printed than 
the Hsiang-yang version, though it includes a number of corrections. The list, 
without the smoke formulae, is repeated in the Ping Lu (+1606), but new inclu- 
sions increase the number of gunpowder compositions to about three dozen. The 
Wu Pei Chih (+1628) incorporates all the gunpowder compositions in the Ping Lu 
and the smoke formulae omitted by the latter, giving a total of more than forty 
compositions. The only new gunpowder mixture it gives is a "lead (bullet) gun- 
powder formula’ (chhien chhung huo yao!) comprising 40 oz. of saltpetre, 6 oz. of 
sulphur and 6-8 oz. of charcoal.* The explosive is used here as a charge of black 
powder. The Wu Pei Huo Lung Ching, containing more than twice the number of 
specifications of gunpowder constituents than that in the other versions, is much 
the most comprehensive, but the date of compilation of this text is even later 
than the Wu Pei Chih. Yet it looks as if the list of some two dozen gunpowder 
compositions in the Huo Lung Ching Chhüan Chi, the Huo Chhi Thu and the Huo 
Kung Pei Yao versions does indeed represent the knowledge of the mid +14th 
century incorporated into later military compendia. 

In order to get the most out of these figures, it is desirable to plot them in a 
graph. This we did first using the three-vertex method of Fisher (1),Р but later 
found it more convenient to use triangular graph-paper as in Figs. 122 and 123. 
Here the two important reference-points are that for equal proportions of the 
three constituents, represented by a dot, and that for the approximately theore- 
tical composition (75: 13: 12), represented by a triangle. Indications are also 
given for a typical rocket composition, and for the lowest limit of blasting pow- 
der, i.e. the ‘slowest’ of explosives. Now at once we see that the points for this 
period of early Chinese experimentation are scattered all over the map, the Wu 
Ching Tsung Yao figures ranging from 27 to 50 % nitrate, but the Huo Lung Ching 
ones covering a range from 12 to 91 %. Half-a-dozen of them attain the region of 

* Le.N:S:C:75-7: 11-4: 12-9, almost the theoretical nitrate level. This was not remarked upon by Davis 
& Ware (1), p. 526, who gave no percentages. WPC, ch. 119, p. 216. 

> Cf. Needham (12), p. 71. 

* Weare indebted to Dr Peter Gray, at that time (1953) also a Fellow of Caius, for suggesting the use of this, 
and for advising us in general upon our entry into the subject. 


a Cf. Mellor (1), p. 707. 
© Berthelot (13), vol. 2, p. 311; Marshall (1), vol. т, p. 74; Partington (5), p. 397. 
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Fig. 122. The composition of gunpowder portrayed on triangular graph-paper; nitrate at the upper vertex, 
sulphur at the lower one oti the left, and carbon at the lower one on the right. The points are all drawn from 
early Chinese experimentation, and their wide scatter is evident. Time +1000 to +1350. 


the theoretical composition for maximal explosive force. What this must imply 
is many decades, even centuries, of trial and error, starting no doubt from the 
simplest scheme of equal proportions* and slowly finding its way up towards the 
most effective nitrate admixture. The low-nitrate mixtures would have been dif- 
ficult, though not impossible, to get to explode, the high-nitrate ones would have 
been difficult, but not impossible, to make to burn in fire-lances or rockets. 
Many. must have been the disappointments, and many also the dangerous, even 
fatal, accidents encountered on the way, though on the whole history is silent 
about them.’ Of course we are well aware that the percentage proportions 
are only a part of the picture; much depends on the conditions of firing, and 
much on the physical character of the mixture. For example, the pressure situa- 
tion, and ће degree of confinement. All forms of gunpowder can be induced 
to burn quietly on an open surface,” but. when enclosed in containers, even of 
paper or carton, will explode with а loud report.‘ This must have been an early 
discovery in China; and from the evidence already given we can place it pretty 





* Brock always believed thig ef 1), p.17. 
2: But ef pp. t72, зоо above, RED © Even cordite will do this: 
4 For this effect the nitrate convent probably has te reach 50 % or more. Cf. Foley & Perry (1), 
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equal parts 
theoretical chemical 
Marcus Graecus, ca. * 1280 (average of 2) 
al-Rammáh, ca. + 1280 (average of 4) 
Rzevuski Ar. MS., ca. + 1550 
(Reinaud & Favé (2), р. 310) 
France (Bib. Nat. receipt), + 1338 
John Arderne, ca. + 1350 
Germany (Codex 600), + 1395 
Konrad Kyeser, + 1405 
Feuerwerkbuch, + 1437 and 
Livre du Cannonerie, + 1561 
Mittelalterliche Hausbuch, + 1480 
Germany, + 1546 
Peter Whitehorne, + 1562 
Nathanial Nye, + 1647 
+ 17th-cent. priming powder 
Louis de Gaya, * 1678 


CO e 


Early European and Arabic 
compositions 
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— 


Fig. 123. A similar triangular graph for the early European and Arabic compositions. It can be seen that they 

are all clustering round the value of about 70% nitrate, i.e. quite close to the theoretical value of some 7596. 

This suggests that by the time that gunpowder became known to the Arabs and Europeans, the optimuni 
mixture was already known. Time from - 1280 to +1700. 


safely in the middie or second half of the ^ 10th century. Equal proportions 
would have come in the first half, and nitrate contents high enough to burst 
cast-iron or other metal containers would have been arrived at towards the end 
of the +12th. Then in the following century came the application of the full 
propellant force of high-nitrate gunpowder in the first metal-barrel hand-guns 
and bombards. 

Now when we plot the earliest figures from Arabic and European sources? 
in just the same way we соте upon a remarkable difference.” Almost without 


^. Among primary sources one тау mention Anon. (157, 158); Whitehorne (1); Nye (15; Sprat (15; Anon. 
(160) Turner (1); Robins (1); Muller (1); Watson (1). 
© Data.in secondary sources can be found in Partington ( 5). pp. 42 f., 102, 144, 148-9, 154, 137, 204, 253, 





316, 323, 324—7; 398; Sarton (17, vol. 3, p. 1700; Hime (г), pp. i49 f, 168-9, 218; Reinaud & Favé (11, p. #46 
(Livre du Cannonetie), 180 (Amiot); (2), pp.310—11; Marshall (1), vol. 1, pp. 26-7, 74: Spak (1). pø 62; 66; 157. 
Comparable late figures for China are in Davis & Ware (1). pp. 526-5; Roridot (2); as well ds Reinaud & Favé 
above. 
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exception? all are clustered in the region of high efficiency, between the lowest 
blasting-powder line and the low 80 % level (Fig. 123). This must surely mean 
that the constitution of gunpowder came to the West as it were fully-fledged; and 
just as we find no long period of experimentation there with carton bombs, 
fire-lances, eruptors and the like, so we find little or no uncertainty about the 
most suitable composition. It was already known before it came. Indeed if we 
reflect upon the common Western name of ‘gunpowder’ itself, we may well con- 
clude that it arose there solely in connection with guns. Is this not a mute philo- 
logical indicator that the preceding four and a half centuries of experimental 
applications of the mixture had been done somewhere else? 

As the nitrate rises, so do the gas pressure maxima and the heat of explosion. 
For example: 


% KNO; max. gas heat of 
pressure (bar.) explosion [k]/g 
80 98 3:05 
75 92 2.87 
79 84 2-71 
68 78 - 


In the 4 17th century Europeans themselves suspected that there had been a 
gradual rise of nitrate content in past times. Nathaniel Nye in +1647 chose a 
series of figures to demonstrate this,‘ and we have plotted it in Fig. 124. Lastly 
we show another diagram to illustrate the general history of the development 
(Fig. 125). On the left we indicate the range of values in the Wu Ching Tsung Yao, 
and then the extraordinary spread of compositions given in the Huo Lung Ching, 
with the lower figures of Marcus Graecus and the higher ones of al-Rammah 


sandwiched between them. There follows, on the right-hand side of the plot, 


a depiction of the way in which the diverse uses crystallised out—some 40 
to 65% for blasting powder, some 55 to 70% for rocket compositions, fire- 
lances and Roman candles, with 65 to 85% for propellant and other explosions 
or detonations. 

All this, as we are well assured, is rather schematic. 


The inflammability of gunpowder [wrote Partington,*] is not greatly affected by the mix- 
ture ratio. The propulsive force depends mainly on the burning rate and the volume of 


а Tt is true that the equal parts formula is also given in the Feuerwerkbuch of +1437 and its French translation 
the Livre du Cannanerie of +1561, contemporary with Whitehorne (т). It comes down from the Liber [gnium 
probably. But there never seem to be any instructions what to do with it. 

Then there is a composition supposedly used at Amiens in +1417 containing the ratio 27-2: 26-1 : 46-7, but 
the descriptions do not well agree (cf. Partington (5), pp. 148, 324). Further rescarch would be necessary here. 

Again, Reinaud & Favé (1), p. 166, give the proportions 20: 40: 40 for one of the preparations listed in the 
Livre du Cannonerie, but its use is not described; presumably, like the former, it was an incendiary. 

* Figures from a recent paper by Hahn, Hintze & Treumann (1). 

* See Ffoulkes' edition of de Gaya (1), as well as Nye (1) itself. 

4 Ayalon (1), pp. 25-6, 42, also perceived the general rise, and cited Hime (1), pp. 168-9, whose figures, 
though rather widely scattered, do certainly show it. 

* (5), p. 328. Inflammability is very hard to assess or quantify. 
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Fig. 124. The rise in nitrate content over the centuries; figures given in the book of 4- 1647 by Nathaniel Nye. 


gas, both of which do depend on the mixture ratio. The right mixture for military gun- 
powder was found only after many trials over a considerable period of time; and even 
today more stress is laid on the method of manufacture than on the mixture ratio. 


For example, there was the matter of ‘corning’; a form of granulation first 
attained by sieving away the impalpable powder, so that the oxygen of the air 
could gain better access to the particles, reinforcing the built-in oxidising capa- 
city arising from the nature of the mixture itself? This seems to have been first 
done in the West at Nürnberg about --1450.^ A seventeenth-century writer 
summed up everything well when he wrote: 


The whole Secret of the Art [of making gunpowder] consists in the proportion of the 
Materials, and the exact mixture of them, so that in every the least part of Powder may be 
found all the Materials in their just proportion; then the Corning or making of it into 
Grains; and lastly the Drying and Dusting of it. 


Then after mentioning the various proportions recommended by such authors as 
John Baptist da Porta, Bonfadini and Jerome Cardan, he continued: 


Indeed there is so great a Latitude, that Provided the Materials be perfectly mixt, you 
make good Powder with any of the proportions above mention'd; but the more Peter you 
allow it, it will still be the better, till you come to observe eight Parts.* 


* Partington (5), pp. 154, 328. 
^ Rathgen (1), pp. 77, 109 £ 
* Anon. (160), in Sprat (1). He would have meant between 72 and 78 %. 
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Fig. 145. Nitrate percentages derived from mixture specifications given from + 1044 to the present day. One 
can see how the propellant-explosive usage at some 72% gradually differentiates itself from the rocker- 
. composition blasting-powder usage at some 55%. 
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Some idea of the effect of grain size can be seen from the following figures.? 


whirling height in 


compressed grains éprouvette when exploded” 


average size (mm.) 








70% KNO, 75% КМО» 
0:75 51:5 65:6 
1:75 31:3 38:2 
2-60 16-0 30-0 
3:10 14-0 19-4 
3:75 10-1 16-6 


Thus we have a family of descending curves, tending towards linearity for the 
larger grain sizes. 

Remembering now the introduction of the Portuguese culverin (if we may so 
call it)" about +1511, it remains to look at the figures given in the military 
compendia after that date, for it is obvious that European experience of black- 
powder compositions would have come with it. Something of the sorting-out 
process in China can be seen in Fig. 126, where rocket compositions cluster in 
the neighbourhood of 60 % nitrate while explosive ones surround the theoretical 
value of 75%. Eighteen proportions of this kind are given! in Thang Shun- 
Chih's Wu Pien', compiled about +1550, and by this time powder suitable for 
the ‘bird-beak’ muskets^ as well as bombards and cannon was also specified. 
This was certainly the earliest Chinese book to give particulars about the gun- 
powder used for the arquebus, which had been introduced by way of Japan in 
+1548.' Only one formula appears in the Chi Hsiao Hsin Shu? of Chhi Chi-Kuang, 
written some ten years later, but at 75-7:10-6:13-7 it was very close to the 
theoretical mixture established by chemists. After the beginnings of the Jesuit 
mission there came out, in +1598, the Shen Chhi Phu*, devoted primarily to mus- 
kets, but Chao Shih-Chén’s two formulae were rather higher in nitrate. As 
already noted, the Ping Lu* of Ho Ju-Pin (+1606) reproduced, apart from its 
twenty or so new mixtures, all the figures of the Huo Lung Ching?, with the excep- 
tion of the coloured signal-smokes, which in Mao Yuan-I's We Pei Chih® of 
‘+1628 were re-placed and again recorded. How far some of the archaic formulae 
were actually still used at this time remains rather uncertain. The theoretical 
percentage of nitrate appeared again in Hui Lu’s contemporary Phing Phi Pai 
Chin Fang’, together with three others none of which were new. Finally the Huo 
Kung Chhieh Yao*, which Chiao Hsü wrote in +1643 in collaboration with the 
Jesuit John Adam Schall von Bell (Thang Jo-Wang), carried fourteen composi- 


? From Hahn, Hinize & Yreumann (1j. 


° See p. 552 below. *o See pp. 3678. below. 

4 Ch. 5, pp. 635—784. * See pp. 432 8. below. 

© But see p. 440 below. *- 80-7 to 83-3 %. 
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A theoretical chemical 
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Fig. 126. A third triangular graph for the later Chinese compositions, from about +1550 onwards. 
Here too they cluster in the neighbourhood of 75% nitrate, showing that the optimum mixture was well 
known there also. 


tions covering the whole range of possibilities from 33:3 to 86-4% nitrate, but 
mostly in the propellant region of уо to 80 ?o.* 

Among all these late mixture formulae, two things are noteworthy. First there 
is the fact that the old Chinese predilection for high nitrate contents, in the eight- 
ies and even nineties, persisted alongside the proportions characteristic of Euro- 
pean practice, which doubtless came in after +1511, together with the Portu- 
guese breech-loader and the bird-beak muskets. Such high figures can be found 
even in the book where the Jesuit was joint author. But often the proportions 
approached the theoretical value closely, for example the Ping Lu (+1606) gives 
two gunpowder compositions for musket (ta chhung*) and pistol (Aisiao chhung*) at 
75:196 and 71-4 % respectively.” Partington hit the nail on the head when he 


^ Besides all the books mentioned in this paragraph, a wealth of gunpowder compositions is also to be found 
in the Chin Thang Chieh Chu Shih-erh Chhou! (Twelve Suggestions for Impregnable Defence), written by Li Phan 
about +1630. Some of these were noted by Arima (7), p. 221. Other formulae, very near the theoretical, were 
also recorded in the Ping Chhien? (Wai Shu section), composed by Lü Phan & Liu Chhéng-En in +1675. This 
‘Key to Military Art’ belongs to the next dynasty, of course, after the end of the Ming. 

> Ch. 11, pp. 64, 7а; 13, рр. 245, 25a. 
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wrote that 'the development from the compositions given in the Wu Ching Tsung 
Yao (+1044) to the modern gunpowder of the Wu Pei Chih (+1628) could have 
resulted from Chinese experiments rather than from the import of European 
information’.* From the data given in Fig. 122 we can now be sure that this was 
in fact precisely what happened. Secondly, in Fig. 126 it can be seen that 
Chinese experimentation continued, involving curious mixtures sometimes 
without carbon, sometimes without sulphur; these probably had no great future 
before them. 

The nomenclature of the weapons and purposes mentioned in these late for- 
mula lists does not call for much remark, apart from the arquebuses, muskets and 
breech-loading cannon which we shall be considering in the following sub- 
sections. Many of the names we have encountered already, like ‘swarm of bees’ 
for fire-lances with co-viative projectiles (Asiao i wo féng'), or ‘river-dragon’ (ching 
chiang lung?) for a sea-mine, which are still in the lists. But there is also in Wu Pien 
an incendiary bomb called by the colourful name of the fruit, li-chih phao*; while 
the Huo Kung Chhieh Yao has a land-mine with the explanatory appellation ‘foot- 
tripped, buried and lying-in-wait powder’ (mai fu tsou hsien (huo) yao*).^ 

It is interesting that throughout this series of books the old belief in the value 
of mixing poisonous or opprobrious substances with the gunpowder persisted, 
not excluding the last one where a Jesuit was co-author. These included arsenic, 
mercury,. lead and copper in various forms, sal ammoniac, camphor,‘ borax, 
quicklime, plant and animal poisons,‘ and the excreta of man and beast. No 
surprise need be occasioned by this, for Leonardo da Vinci himself had been 
interested in attacking the enemy by sulphurous smokes,* fumes of burnt feath- 
ers, sulphur and arsenic," and even toad and tarantula venoms mixed with rabid 
saliva and conveyed by bombs. This would have been about +1500. Faith in 
arsenicals continued at least till +1580, with von Senfftenberg (1)," and mercury 
figured still in the smoke-balls of Appier and Thybourel іп +1620 and +1630.! 
Such was the pre-history, probably mercifully inefficient, of chemical warfare. 

Before leaving the subject of percentage proportions in China, it may be noted 
that information of value can sometimes be gained from records of bulk pur- 
chases by the Arsenals Administration for the preparation of the gunpowder 
needed. We have come across this kind of thing before, in relation to the require- 


а (5), р. 274. > Ch.2, p. тта, Ё. 

© In the European Middle Ages a mixture of saltpetre, sal ammoniac and camphor was named ‘sal practica’ 
(with many spelling variations), and commonly added to gunpowder, because of a vague idea that it gave more 
‘volatility’ to the mixture; cf. Marshall (1), vol. 1, p. 25; Partington (5), p. 155, etc. 

4 On Chinese arrow poisons see the studies of Bisset (1, 2). 

* Partington (5), p. 175; McCurdy (1), vol. 2, p. 198. 

* McCurdy (1), vol. 2, pp. 201, 210. 

в Ibid. vol. 2, pp. 217-19. ^ Partington (5), pp. 170, 183. 

* On Jean Appier and François Thybourel see Partington (5), pp. 176-7. The plant and other poisons 
continued down into the report of Amiot (2), Suppl., as late as +1782; cf. Partington (5), p. 253. 
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ments of the Chinese Mints for metals and alloys with which to issue currency at 
different times.? Thus some details regarding the gunpowder manufactured in 
the State workshops in the early +17th century can be found in Ho Shih-Chin's! 
Kung Pu Chhang Khu Hsü Chih? (What Officials ought to know about the Factories 
and Storehouses of the Ministry of Works, +1615).° It says that 300,000 chin of 
gunpowder (about 150 tons) were made annually for fire-lances and cannon. 
The making of the fire-lance gunpowder required 100,312 lb. 8 oz. of saltpetre, 
19,687 Ib. 802. of sulphur and 30,000 Ib. of willow charcoal; while the making of 
gunpowder for cannon took 106,875 lb. of saltpetre, 20,625 Ib. of sulphur and 
22,500 Ib. of willow charcoal. This implies the following N:S:C proportions: 
for fire-lance gunpowder 66-9: 13:1:20-0, and for cannon gunpowder 71.2: 
13:7 :15:0.^ The cost for each item is given. The text also states the cost of 
gunpowder manufacture for the *bird-beak gun’, i.e. the arquebus, but unfortu- 
nately without giving the proportions in the specification. It is interesting too 
that 260,000 lead balls are to be made not only for some kind of chain-shot 
cannon (lien chu phao*) but also as co-viative projectiles for the fire-lances (pa 
сапр“) .* 

Pai wén pu ju i chien? says the Chinese proverb, which could be Englished in the 
words ‘a thousand explanations are not as good as once seeing for oneself". 
Accordingly we resolved to view the ignition of a number of powders made up 
with varying proportions of nitrate, thus elucidating what seems to be a histori- 
cal sequence by actual experiment. Here we were very fortunate in gaining the 
co-operation of the staff of the Royal Armament Research and Development 
Establishment at Fort Halstead in Kent, who prepared and let off for us more 
than а dozen mixtures. The results are shown in the accompanying Tables and 
photographs. 

Table 3 gives the compositions examined,5 and Table 4 the times of burning, 
with the phenomena observed." The same volume of powder was taken for each 


* See Vol. 5, pt. 2, p. 216 for a Thang example. 

5 In the йал Lan Thang Tshung Shu Hsü Chi collection. 

* These figures are included in Fig. 126. 

а Ch.8, pp. 4a~6a, 

* fhid. pp. 15—20. Each year 5000 of these were made. The chapter gives a wealth of information on the 
natures and quantities of many kinds of fire-weapons, 

t Our warmest thanks are due to Mr Cliff Woodman, Dr Nigel Davies, Dr John Robertson and Mr Philip 
Seth. For our introduction we are most grateful to Mr Howard Blackmore. then Deputy Master of the 
Artouries at Н.М. Tower of London. The experiments were done on 20 Feb. 1981 

к The potassium, nitrate used was of pyrotechnic grade, dried at 70°C. lor 24 hr.. the sulphur was of 
laboratory reagent grade, and the charcoal was prepared from the wood of the alder buckthorn {талаша 
alnus). All the reagents were sieved through a B.S. No. 120 sieve to remove any lumps and ensure that the 
powders were free-flowing. ‘The sieved reagents were weighed into a dust-tight container which was then 
tumbled rapidly in à Turbula mixer for 20 minutes. then the mixtures were sealed into anti-static plastic bags. 
The cónimercial preparation (no. 1) was probably more perfectly mixed because it was ground in an edge- 
runner mill. А 

y A colour film was taken ata speed of 500 [rantes per sec., and later studied at a speed twenty times slower. 


HEE ган ERR жщ 
эш уж a И 














30. THE GUNPOWDER EPIC 355 
Tabie 3. Compositions studied at Fort Halstead (1981) R.A.R.D.E. 





Percentage composition 


KNO; sulphur charcoal Notes 
I0 I commercial, corned (ICI, Ardeer) 
10 15 lab. preparation (fine powder) 

electric fuse 
electric fuse 
electric fuse 
electric fuse 
electric fuse 
no ignition 
slow-match cord 
slow-match cord 
electric fuse 
electric fuse 
electric fuse 
electric fuse 
hand-pressed candle electric fuse 





3 
4 
3 
6 


Laon Ow 


| 
| 
| 
| 
i 
| 
| 
| 
| 
i 
| 
| 
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test? and ignited as a free unconfined heap. Under these conditions it was at once 
clear that all the compositions blazed; but some more quickly and fiercely than 
others.” 

An initial burst of flame (Fig. 127) was seen only when the nitrate exceeded 
6076, and the maximum speed of this occurred when the composition ap- 
proached most closely to the theoretical. At lower proportions there was simply 
a column of flame, sometimes continuing for a good while, and illustrating 
well the incendiary effects for which gunpowder found its first uses (Fig. 128). 
The more the nitrate was reduced the more difficult ignition became, and slow- 
match sometimes had to be substituted for an electric spark. No compositions 
under 33 % saltpetre were tried, but as low as 12 % it would be extremely hard 
to ignite, and the sulphur would just burn to sulphur dioxide (505). Explosive 
effects appeared only when the powder was confined, as in a carton tube, and if 
this was open at one end the fire-lance effect was clearly seen. For that а slow 
burning-rate was quite all right, but the great problem of the first cannoneers 
was how to avoid on the one hand burning too slow and lacking adequate pro- 
pulsion, or on the other burning too fast and bursung the gun. Thus the rate of 
burning, and hence of gas production, and hence of pressure rise within the 
confined space, and hence of imparting motion to the projectile, had to be just 
right. 

Broadly speaking, then, the experiments bore out the deduction from the 

* A loose pile ranging between 100 and 200 gm. 

© The termination of burning was hard to assess, and the filming in each case was not continued longer than 


about 4 to 8 sec.; excepr in the case of no. 14, when it was run at 160 frames per sec. and continued for nearly 20 
sec. 





Table 4. Observations on the compositions of Table 3 





Time of burning in secs. 





initial burst 


Exp. no. 
of flame 


length of 
blaze 





13 


I 


33 





Notes 





red flash, strong column of flame with blue-black 
smoke 

big puff, dull thud, white smoke, fast-burning flame, 
many incandescent particles (prob. carbon) thrown 
out 

big puff, white smoke, flame of longer duration 

sideways gush, strong column of flame, with white 
smoke 

strong flame column, with sparks, blue smoke towards 
the end 

slow to ignite, no burst, strong flame column, with 
reddish-brown streaks (prob. nitric oxide) in the 
white smoke 

no burst, slow start, weak fire, little bluish smoke, 
flame column persisting 

hard to ignite, no burst, strong initial flame then 
weakening to thin column, with sparks, little bluish 
smoke, burning for a long time 

hard to ignite, no burst, strong flame column with 
reddish-brown streaks 





go (no S) 
50 (no C) 


go (no S) 





no burst, steady gush of flame, blue smoke (K colour) 

no burst, weak yellow flame with many detached 
flames, hardly any smoke 

no burst, spasmodic flame building up slowly, blue 
smoke 








Confined in 0-5 in. diameter carton candle 


81 14 — 


75 E 
66 





no burst, steady flame like flame-thrower, little smoke, 
no marked explosion 

loud explosion, burning continuing after bursting of 
tape seal 

definite explosion, then flame-thrower effect after bur- 
sting of tape seal 














966 
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Fig. 127. Fort Halstead experiments. No. 5 at 63% nitrate gives an initial burst of flame for 0-56 sec., then a 
strong column of flame and smoke with sparks for 2-8 sec. 





Fig. 128. Fort Halstead experiments. No. 9 at 33% nitrate was hard to ignite and gave no burst, then burnt 
with a strong flame column and reddish-brown streaks for as long as 4 sec. 
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history of gunpowder in China, between the mid +oth century and the mid 
- 14th, that gradually more and more nitrate was used in the mixtures. 

This is indicated also by the literature, which records how others beside 
ourselves have at sundry times and places been moved to try experiments. Thus 
Lassen (1) found that a powder of N:S:C: 35:35:30 composition would throw 
a ball from an iron tube like a +14th-century hand-gun only about 40 ft, even 
if the weight of the charge equalled that of the projectile; but it was very hard 
to ignite, and burnt but slowly. This was no more than a fire-lance effect. At 
66-5:11:22-5 Williams (1) had many mis-fires, the gases issuing through the 
touch-hole, and sometimes the ball just dropped from the muzzle; even when it 
did fly, it failed to penetrate an iron sheet 18 ft away. Foley & Perry (1), using 
powders ranging from 66-5 to 69-2 % nitrate, could get fire-cracker explosions 
like those that Roger Bacon knew, and rocket effects also, but at 41:29:4:29:4 
there was nothing but smoky combustion. Tried in simulated hand-gun condi- 
tions, the former mixtures only displaced or ejected a paper wad in the barrel, 
and the 4196 composition refused to burn at all. These results, together with 
many indications from European +15th- and +16th-century writings, support 
our conviction that the nitrate-content graduallv increased as time went on, 
between the +oth and the +13th centuries. 


(i) Powder manufacture and powder theory 


Descriptions of powder-making in China can be found in several texts, such as 
the Ghi-Hsiae Hsin Shu of +1384, which gives a composition of 75-7 % saltpetre, 
10-6 % sulphur and 13-7 % carbon for gunpowder used in the 'bird-beak gun’, 
the arquebus.* The account of the making of the gunpowder reads; 


Making-of gunpowder: (Each round requires) 1 02. of saltpetre, 0:14 02. of sulphur and 
0-18 oz. of charcoal made from willow wood. 

Take altogether 40 oz. of saltpetre, 5-6 oz. of sulphur, 7:2 oz. of willow charcoal* and 
three cupfuls. of water, and. grind (he. ingredients) until they become extremely fine— 
the finer the better. The best method is to pound and:grind the saltpetre, the sulphur 
and the charcoal separately into powder. Then put them together according to the right 
proportion. in а wooden mortar containing two bowlfuls of water. The ingredients. are 
pounded. with a wooden pestle, and a stone pestle is never used for fear of (a spark 
IB be pounded thousands of times; if they become dry during the 






passage almost identical i is contained i in WPC, ch. 124, pp. 85; 9a. Words 
he latter version only. 
paid to the kind of wood from. which the daroat was prepared. ;Bad- 
.), alder, and "black ine ы did Marshall A AU t 

black dogwood Ӯ: 









(Fagus ри 2 
neous: ‘ignition temperature; 'and-the- highest and most even porosity)-is red Fetes dor evenly burning 
fuses; the second for most commercial powders, and the third for those where precise burning is not needed. 
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(very) fine. (The gunpowder) is removed (from the mortar) when it is half dry, and then 
dried under the sun. Eventually it is broken up into pieces each as big as a small pea. 

This powder is wonderfully good because it has been ground and pounded so fine for 
so long. [If pure water is used and changed it will take away any alkali from the salt- 
petre.] The pounding process is the same sort of thing as making the best kind of ink. 

If you have added water more than a dozen times you may test (the powder) by 
setting light to a pinch of it on a piece of paper; should it burn off without damaging the 
paper you must not dare to put it into a gun. Or you may burn a few tenths of an ounce 
in the palm of the hand, then if the hand is not warmed it can be used in guns. But if it 
leaves behind black or white spots and the hand feels a sensation of heat, it is not of good 
quality. Water should again be added, and the pounding and grinding continued until 
the tests succeed. 


There is much more than meets the eye in this rather deadpan passage. In the 
first place it conjures up a scene of workers all grinding away manually with 
pestles—but the Chinese were much more sophisticated than that. From an 
earlier disquisition it will be remembered that the pedal-operated trip-hammer 
(tui') for cereal pounding can be traced back well into the Chou period,” and 
that water-powered trip-hammers (shui tui) worked by lugs on the horizontal 
shaft of a water-wheel appear as early as the Han.” By this time too circular- 
trough edge-runner mills (nien?) were also known and used,‘ and roller-mills (kun 
nien*) developed soon afterwards," doubtless derived from the simple stone hand- 
roller (shih kun^).* Machinery for pounding and grinding therefore went back a 
very long way in China, and though at present there is no means of knowing 
when it was first used for the mixing of gunpowder, we should be likely to find 
this point before the time of the Wu Ching Tsung Yao, i.e. by +1000 at least. That 
roller-mills (nien?) were used in Chinese gunpowder manufacture is in any case 
certain from another passage in the Wu Pei Chih, which mentions them by name.' 
It also alludes to the use of strong distilled alcohol (shao chiu*) for purifying and 
drying the powder.* All this got into the account of Amiot in +1782, who spoke 
of rollers grinding the wetted paste on marble slabs, then the drying. then the 
corning.” 

In Europe, from the early +14th century onwards, horse- or water-powered 
vertical stamp-mills with hardwood (lignum vitae) pesties, substituted for the 


? See Vol. 4, pt. 2. pp. 51, 183-4, Figs. 258, 359: 

^. Ibid. pp. 390, Fig. 617. 

> Pd р 199, Figs. 453. 454- 

* Vol. 4, pt. 2, p. 178, Fig. 456. To be carefully distinguished from rolling-niils, where the substance is 
made to pass between two adjacent rollers; cf. ibid. pp. 122, 204. 

< Watet-power was applied to these aliso, at least from the beginning of the Sung, where we meet with thera 
under the names of shui nien? and shui wei": cf. Vol. 4. pt. 2, p. 403. 

E Choro, p. 102. 

# One pound for each three pounds of gunpowder. 

è (2) Sappl: ef. Partington (5), pp. 243-4. 

* Gf Forbes (8); p. 69; Gille (14), fig. 581 from the Mittelaüterliche Hausbuch of c. + 480. 
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water-powered horizontal trip-hammers, but in general the principle was the 
same.* The first powder-mill in Europe is attested for +1431, earlier references 
being doubtful? Double roller-mills work to this day upon the moistened 
powder.* 

The passage concludes with an interesting account of rough tests for the good- 
ness of the gunpowder made.? The use of the palm of the hand must obviously be 
related to the testing of saltpetre itself by the same means.* At first sight the tests 
seem rather self-contradictory, but this is not really so. If the powder is weak 
because of poor admixture or other fault, it will burn away with a slow flame and 
no explosion, therefore the paper is perhaps browned but not damaged; if it is 
good it will go off in a flash and the explosion will blow a hole in the paper. The 
palm of the hand is much more solid, but a good puff and pop will be so rapid 
that little or no heat will be felt; if on the other hand there is a slow burning 
there will be a sensation of heat, and a residue will be left,’ which again will 
show that the powder is not good." Amiot mentions this text.! 

Next it is interesting to observe that the classical Chinese theory of medical 
prescriptions and elixir formulae was applied by the military theorists to diff- 
erent gunpowder compositions. Just as in medicine and pharmacy, the various 
components of a formula were looked upon as ‘princely’ (chün!), ‘ministerial’ 
(chhen?), and tso shih’, which has the sense of auxiliary efficacious official envoy, 
hence ‘adjutant’ j In the oldest of the pharmaceutical natural histories, the Shen 
Nung Pén Tshao Ching? (— 1st century) the drugs in the first category are those 
with the largest minimal lethal dose, while those in the third are the extremely 
powerful and toxic ones. The Wu Pien (c. +1550) says:* 


Saltpetre is the prince and sulphur the minister; their mutual dependence (Asiang hsii*) is 
what gives rise to their usefulness. The nature of saltpetre is to go forwards and that of 
sulphur to spread out sideways, so that is why the two can act together without contra- 
dicting each other. ‘Ash’ (charcoal) is their adjutant, being able to follow (substances of) 
the same category (thung lei)! 


а A contemporary stamp-mill for powder is shown in Davis (17), p. 44, fig. 19. СЕ Marshall (1), vol. т, 
рр. 23-4. 

^ Kohler (2), vol. t, p. 37; Partington (5), p. 328. 

* Acontemporary example with ten-ton wheels is shown in Davis (17), p. 46, fig. 20. Today black powder is 
used almost wholly in fireworks. 

а Apparatus for more exact quantitative measurement of its properties arose later, and we shall briefly 
consider some types of it below (p. 548) in connection with the idea of gunpowder engines. 

* Cf pp. 105-6 above. 

f Cf. Davis (17), p. 47- 

= This trial was widely used in the West too; cf. Marshall (1), vol. t, p. 27. 

һ Perhaps the oldest European test is that in the Feuerwerkbuch of c. +1437, on which see Hassenstein (1), 
p. 64 and Partington (5), p. 155. 

! (2) Suppl; cf. Partington (5), p. 272, following IPC, ch. 119, p. 10a. 

J See Vol. 6, pt. 1, p. 243. 

k Ch. 5, р. 616; tr. auct. 

+ On this concept, see Vol. 5, pt. 4. pp. 305 E., 316 f., and Needham (83, 84); Ho Ping-Yàü & Needham (2). 
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Again, the Ping Lu (+1606) gives a theory of the substances that went to com- 
pose gunpowder:? 


The nature of the chemicals ( yao!) used in attack by fire is as follows. Among the principal 
substances saltpetre and sulphur are the princely ones, charcoal is the ministerial one, the 
various poisons are adjutants (és0”), and those constituents that produce chh? are the 
envoys (Shih*).? One must know the suitability of the ingredients before one can master the 
wonderful (effects) of attacks with incendiaries and explosives. Now the nature of salt- 
petre is to be linear (chih°);° the nature of sulphur is to radiate (&éng9);? and the nature of 
charcoal is to take fire (jan’).* That which is straight by nature governs impact at a great 
distance, so for propulsion we take nine parts of saltpetre to one part of sulphur. That 
which goes sideways by nature governs explosion, so for detonation we take seven parts 
of saltpetre to three parts of sulphur. Charcoal from green willow is most sharp in 
nature, charcoal from dried fir is slow, while that from the leaves of the white mountain 
bamboo (jo yeh?) is particularly fiery. 

The chhi of realgar is high, causing the flame to rise8...; the chhi of arsenic (phi huang"^) 
is placid, but its fire is toxic." If iron pellets and sharp porcelain fragments previously 
prepared by roasting with urine (chin chih') and its sediment (yin Aisiu'5) and sal ammo- 
niac, hit one of the enemy, they will cause his flesh to rot until the bone shows.! Wild 
aconite (tshao wu), croton oil ( pa tou), and parts of the thunder-god vine (lei ёда!) j 
roasted together with a small quantity of (dried) sea-horse (shui ma™),* can be used on 
dragon-lances as a poison, which kills if it draws blood.' Dolphin (chiang tzu) (oil), 


> Ch. 11, pp. 35-45. Also given in Wu Pei Huo Lung Ching ch. 1, pp. 45—55; tr. auct. 

> Cf. what was said about ‘sal practica’ on p. 353 above. 

© Comm.: ‘for forward motion, saltpetre plays the major role’. 

4 Comm.: ‘for explosion sideways, sulphur plays the major role’. 

© Comm.: ‘the fire is different depending on the charcoal, and of this there are many different kinds, such as 
that from the white mountain bamboo (08), that from the willow (/iu®), that from the fir (shan!°), that from the 
catalpa tree (/zu!!), and that from the chive (u12). These plants are, in the order named: (a) Sasa albo- 
marginata, R757, CC2084, (b) Salix babylonica, R624, CC 1697, (c) Cryptomeria japonica, R 786a, CC 2137, (d) 
Catalpa ovata, R 98, CC 1260, (e) Allium scorodoprasum, R 672, CC 1824. 

A recent account of the woods used for gunpowder charcoal in Europe is that of Gray, Marsh & McLaren 
(1). Weeping willow was prominent, but the preference was for alder buckthorn, Franguía alnus (wrongly called 
black dogwood), the alder itself (Alnus giutinosa), and the beech (Fagus sylvatica). 

Counting one part of charcoal in both cases, this would mean 81-8 % nitrate in the first case and 63.6 % in 
the second. 

= Comm.: ‘magical fire (shen ћио20) uses realgar as the princely constituent’. 

^ Comm.: ‘in poison fire (tu &uo?!) arsenic plays the princely role’. 

i Yin hsiul$ means literally silver rust, but a commentary in the Wu Pei Huo Lung Ching says that it refers 
here to the sediment of urine, and that chin chih!5 refers to urine itself. The commentary of our text says that 
these are used in bruising and burning gunpowder (an huo yao”). 

} These plants аге, in the order named (a) Aconitum uncinatum, R 527, (b) Croton tiglium, R 822, CC 857, (c) 
Tripterygium wilferdii, CC 826. 

k Hippocampus, spp., usually known as hai та?5 (К 190). The reason for its presence here is not obvious, as 
PTKM records only its use in difficult parturition and as an aphrodisiac. 

! Comm.: ‘the poison can be used with rockets and fire-lances, and will kill an enemy instantly if hit or 
wounded by the point’. 
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Szechuan varnish (chhou chhang shan’), and the arum ( pan йзіа?),° are used for anointing 
the spearheads of fire-lances, and anyone wounded by these will be struck dumb. b 

As for tung oil, soap-bean powder, and resin, they are used for. burning (enemy) food 
stores and attacking (enemy) camps; Human hair, molten iron and croton oil are used to 
smash leather-covered siege-engines and hide screens. Smoke from (burning) wolf 
faeces, which looks red both in the davtime and on dark nights, can be used for sending 
warning signals. The ashes of dolphin meat (when added to gunpowder) intensify the 
flame in a head-wind, this being their unusual property. There are also other substances 
like ‘petrol’ (méng huo yu’), the flame of which intensifies in the presence of water and will 
burn wet objects; and oil from the ‘nine-tailed fish’ (chiu wei yü) which causes flames to 
go against the wind so that none can escape from them.? Such substances are difficult 
to obtain, but the commanding officer of an army should (at least) be aware of their 
existence. 


This passage as a whole is indeed a precious résumé of traditional theorising 
at the end of the medieval centuries, contemporary with the upsurge of modern 
scientific method applied to gunnery at that other end of the Old World where 
the Scientific Revolution was now taking place. Some of the reasoning is quite 
Aristotelian in character, just as it was in Europe down to the time of Robert 
Boyle; and the pharmaceutical classification came straight from the Pén Ching of 
the —151 or —2nd century. The remarks on the varying properties of different 
kinds of charcoal were quite acute, and must have resulted, like so much else, 
from practical experiment. Then comes the traditional enthralment with 
poisons, reasonable enough when they were applied to arrow-heads and spear- 
points, much less so when incorporated in gunpowder compositions." The text 
ends with miscellaneous customary lore on siege warfare, smoke-signals and 
flame-throwers, much of it by this time surely obsolete. 

It is not perhaps surprising that a very similar passage occurs in the Thien 
Kung Khai Wu of +1633, where Sung Ying-Hsing introduces a further idea, 
namely that saltpetre is very Yin and sulphur very Yang.’ One can easily see 


= Chiang tzu was a synonym for the dolphin {chiang Uum, R 176). The plant named in the second place is 
Orixa japonica, a poisonous member of the Rutaceae, related to the oranges, R 353. CC 915; and the third is 
Pinellia tuberifera, very poisonous, Вз, CC 1928, Steward (2); p. 500. 

5^ Cimmi: this is also used in spatterihg gunpowder ( Phén Ашо vao)". 

© he. shields covered with animal hides as protection. 

5 Comm.: ‘this Berce бге oil is produced in Champa (mod. South. Vietnam}, and the nine-tailed fish is found 
in. Thailand’. The Hu Pei Huo Lung Ching version makes. no mention. of the latter, but says only ‘fish-oil 
produced i in Borneo’. These were probably all remote echoes of the trade-in Greek Fire, on which see рр. 364. 
above. On Champa ef Vol. 4; pt. 4; p. айт and on Thailand, Vol 5. pb 4yp. 136. 

* Al organic substances would be largely decomposed t by the burning or explosion, but a oe heavily 
charged with lead or arsenic would have ‘heen quite toxic, though the effects would not necessarily have been 
rapidly apparent. On Chinese arrow- poisons sec again Bisset (1, 2). 

+ Ch. as, рр: 55; 6a (pp. 25999), tr. Sun & Sun (13,.p. 268; Li Chhiao-Phing (2), pp. 389 ff. Sung was 
rather. sceptical about how far the statements of the military technologists were based on experiment. Another 
passage (ch. 11, p. 6a) reads. as follows: “Of the: components of gunpowder, sulphur is pure Yang, and 
sáltpetre is pute. Yi DW together the result is noise and change. This is a.mystery 
wrought by Clihiem ar {ihe T Ching corresponding to Vang and Yin): This is a marvel of 
Nature." Tr. auet., adjuv. Sun & Sun {Т} ур. 210; Li Chhrao-Phing (2). p. 287. 
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that this was derived from the classical theory of the nature of thunder, which 
went back far into antiquity, at least as early as the beginning of the Han.* Here 
our Chinese authors came close to a conception much agitated in the Europe of 
the +16th and +17th centuries, that of the ‘aerial nitre’.> Giving rise to a large 
literature, it had more to do with the explanation of thunderstorms, and ulti- 
mately with the discovery of oxygen, than with the chemistry of saltpetre, but it 
played a considerable part in the thought of the time. | 

Actually, the men of the Scientific Revolution had been anticipated by Chu 
Hsi’, writing in the latter half of the -F 12th century. As Huang Jen-Yü noticed,‘ 
he regarded thunder as due to the sudden expansion of intolerably compressed 
chhi, and analogised it explicitly with gunpowder explosions. His words меге: 
"Thunder is just like our present day fire-crackers (pao chang’); most probably 
(the chhi) is densely compressed, and when this attains its climax, then it bursts 
forth and dissipates, scattering in all directions.’ As we have seen so often,‘ the 
word ‘thunder’ was applied to so many gunpowder weapons from the end of the 
+100 century onwards, that it is not surprising that the ‘aerial nitre’ should 
appear in Neo-Confucian dress. 

What is rather extraordinary is that a text of closely similar wording to that 
in the Ping Lu can be found in the Huo Kung Chhieh Yao of +1643, written by 
Chiao Hsü and Adam Schall von Bell. The section bears the title 'Huo-Kung 
Chu Yao Hsing Chhing Li-Yung Hsü-Chih? (What one ought to know about the 
Profitable Use of the Natures and Relationships of the various Chemicals used 
in Attacks by Fire) The exposition follows the Ping Lu passage closely, with 
much of the commentary incorporated into the text, all the ideas being essential- 
ly the same. We hear of realgar, croton oil, soap-bean powder, the wolf dung, the 
dolphin and the sea-horse, the petrol and even the nine-tailed fish. These are 
among the many adjutant (s0*) ingredients. This is the book, we remember, in 
which Thang Jo-Wang the Jesuit is described as the transmitter or instructor 
(show^), Chiao Hsü as the compiler (isuan*), and Chao Chung’ as the editor 
(ting*). From this it has been concluded by some that the Jesuit was the responsi- 
ble writer, with the others just taking down what he said. But if this were so one 
would hardly expect to find passages of such highly traditional ideology. Pre- 
sumably Schall von Bell found nothing to object. to in them. The bringing of 
modern science into China was necessarily a slow business, and the Jesuits only 
partly effected it. We prefer our usual course of regarding von Bells title as 
partly an honorific one; Chiao Hsü must have been a true collaborator, and not 
someone writing to dictation. Hence the medieval account of the nature of gun- 
powder's constituents, 


* CE Vol. 3. pp. 480 8 ® See Debus (o, то} and Манаш (3;; p. 332 
of (Gh pesa, - : : : 

2 Chy Tzu Chhiian Shu, ch. 50. p. 475, m. auct. 

* Pp. t92, 203; 213 above. © Chig; p.82, 6 (pp. 28-9). 
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At this point mention may be made of an interesting piece by Mao Yuan-I!, 
the famous author of the Wu Pei Chih which we so often quote. It is entitled Huo 
Yao Fw? (Poetical Dissertation on Gunpowder) and would be well worth a trans- 
lation in full, epitomising as it does the traditional thinking about the mechan- 
ism of the explosive mixture. The nature of saltpetre is to expand vertically 
(shu?) while sulphur expands horizontally; saltpetre is the prince, with sulphur 
and charcoal as the ministers, and even poisonous substances are brought in as 
adjutants. It could show very clearly how Chinese technologists thought of ex- 
plosive phenomena in the early years of the +17th century.* 

It remains only to say a few words about the time of the Opium Wars, when 
the Chinese were busy catching up with the gunnery developments, modern 
for that day, which had been made by the European nations. Thus in 1843 
Chhen Chieh-Phing*, Admiral of Fukien, memorialised that the remaining 
gunpowder-mills (nien?) worked by man-power should be done away with, and 
animal-power or water-power, seven times more effective, universally substi- 
tuted.” He also had something to say on the preparation and purification of 
saltpetre (cf. p. 94 above), recommending oxhide glue for the clearing. Rondot 
(2) knew this text when he visited some Chinese arsenals in 1849; there he found 
that the nitrate percentage of the powder made was equivalent to that of the best 
French product (75:5 %). Ting Kung-Chhen$, who was one of the leading gun- 
nery and powder experts of the time, observed this (оо. Rondot found, rather to 
his surprise, a large Chinese chemical laboratory and works organised and 
equipped by Phan Shih-Chhéng^?4 where saltpetre was prepared and recrystal- 
lised in bulk, and alcohol and nitric acid distilled. Some of this was used for 
making silver fulminate detonator caps, which had been produced in China 
since 1842. 

а Perhaps the nearest Western parallel to Mao Yuan-I's essay would be the pages which Sir Thomas 
Browne consecrated to the nature of gunpowder in his Pseudodoxia Epidemica (commonly called ‘Vulgar 
Errors’) of +1646. They occur in bk. 2, ch. 5, para. 5 (Sayle ed., vol. 1, pp. 271 Ё). ‘Now all these (consti- 
tuents)’, says Browne, ‘although they bear a share in the discharge, yet they have distinct intentions, and 
different offices in the composition. From Brimstone proceedeth the piercing and powerful firing.... From 
Small-coal ensueth the black colour and quick accension.... From Salt-petre proceedeth the force and the 
report; for Sulphur and Small-coal mixed will not take fire with noise, or exilition; and Powder which is made 
of impure and greasie Petre hath but a weak emission, and giveth a faint report. And therefore in the three 
sorts of Powder the strongest containeth most Salt-petre... 

^ The memorial he submitted is to be found in Hai Kuo Thu Chih, ch. gt, pp. 86-114. He appears in 
European accounts as Ching Ki-Pimm. He also recommended the use of vine charcoal instead of that made 
from pine or fir. 

€ НКТС, ch. 91, pp. 115—154. On him, see Chhen Chhi-Thien (1); Huang Thien-chu, Tshai Chhang-Chhi 
& Liao Yuan-Chhüan (7). 

4 Pwann Sse-Ching (or Tinqua) to Europeans; cf. Chhen Chhi-Thien (1), pp. 36 £., pp. 40 £., 56 F., (2), 
pp. 8—9, and p. 205 above, where we discussed the attention he gave to sea-mines, and his employment of an 
American expert to assist in their construction. 

© See Davis (17), pp. 400 ff., 405, 412. Silver fulminate had first been prepared by Berthollet in + 1788, but 
on account of its excessive sensitivity it was soon replaced for military purposes by mercuric fulminate. One of 


us (J. N.) always remembers the nervosity which accompanied a visit he made to a Chinese fulminate factory 
during the second world war in his capacity as Adviser to the Arsenals Administration. Cf. p. 56 above. 
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The memorials of Chhen and Ting both urged that lessons should be learnt 
from European methods of powder manufacture. Then after the foundation of 
the famous Kiangnan Arsenal (Chiang Nan Chi-Chhi Chih-Tsao Chü!) near 
Shanghai in 1865, and the establishment of a Translation Bureau (Fan I Kuan?) 
within it two years later, an American book by Watt on powder-making was 
translated into Chinese by John Fryer (Fu Lan-Ya?) with the title Chih Huo Yao 
Fa* (Procedures in Gunpowder Manufacture).? But it is probable that neither 
Chhen nor Ting, nor Fryer and his associates, had any idea of how old gunpow- 
der really was in Chinese history, nor that China had been the land of its birth. 
And now we must retrace our steps to the last years of the +15th century in 
order to follow the later development of artillery and musketry. 


(17) THe Later DEVELOPMENT OF ARTILLERY 


From this point onwards we find ourselves in the presence of a great wave of 
influence back from Europe upon China. If Chinese culture had been left entire- 
ly to itself it is possible that the same developments would have occurred, 
according to that slow and steady progress which the whole of its history had 
manifested.” But now the new economic system of capitalism was arising in 
Europe in strength, and innovation as well as invention‘ was getting full rein; 
thus it came about that superior forms of light cannon originating in the West 
spread rapidly everywhere over the Old World.* We deal with them now (and 
their heavier congeners too) because improved hand-guns such as the arquebus 
and the musket reached China only some forty or fifty years later. 

Here the key invention was that of breech-loading. Rather than waste a lot of 
time ramming the charge and the projectile down the muzzle, and probably a 
wad as well, it was much more convenient to have a separate container for all 
these, shaped rather like a beer-mug with an appropriate handle, and placed in 
position in a cavity arranged to receive it at the breech of the cannon, then 
wedged into place with a transverse wooden billet.‘ This replaceable cylinder 
was known as the chamber or culasse. A drawing of the whole system is given in 
Fig. 129.8 

* Cf. Bennett (1), p. 118. ^ Cf. Needham (59), (64), р. 414. 

© See Schumpeter (1, 2). It was not only a matter of the new, but of the adoption and mass application of 
the new. 

å This was what vitiated the otherwise meritorious book of Cipolla (1). To show that the full-rigged ship 
(+1500 onwards, cf. Vol. 4, pt. 3, pp. 512, 594—5, 606, 611, 697—7), with its broadside of up-to-date guns, soon 
outclassed the ocean-going junk was one thing. To ignore completely that the former was based upon capitalist 
applications of invention and scientific knowledge, while the latter still had only traditional bureaucratic 
feudalism as its background, was quite another. 

* The spread of European artillery pieces among all the States of Eastern, South-eastern and South Asia has 
been well described by Boxer (11), Gibson-Hill (1) and Crucq (1). They were greatly sought after. So also were 
the sulphur and saltpetre from China to be used in them; see Tomé Pires’ ‘Suma Oriental’ (+1515), tr. 
Cortesão (2), vol. 1, pp. 115, 125. 

7 This invention was particularly important at sea, since it avoided running the guns back and forth for 
loading. = Reid (1), p. 113. 
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1 chamber 

2 gunpowder charge 

3 thick wad 

4 cannon-ball 

5 transverse peg of wood or iron 


Fig. 129. The key invention of breech-loading; a separate container (the chamber or culasse) shaped rather 
like a beer-mug, with an appropriate handle, contained the propellant charge, the wad and the projectile. It 
was wedged into place by a transverse wooden billet. As many of these as was convenient were prepared 
beforehand, then quickly fitted into place, thus increasing the rate of fire. Drawing from Reid (1). 


There has been much disagreement about the date when breech-loading artil- 
lery appeared in Europe. Reid may not be far off the mark when he concludes? 
that the evidence points to some time not long before 1372. Ráthgen^ said 
+1380 or +1398, and Kohler‘ chose +1397, but these were all German datings, 
and the Burgundians seem to have had the device as early as 41364. England 
comes in with a picture of + 1485 referring to ‘port-pieces’ of +1417, and Portu- 
gal with ‘versos’ (berços) in +1410.° The design lasted for several centuries, but 
it could never be made satisfactorily airtight, and the serious loss of gas result- 
ing naturally decreased the propellant force.‘ Only in 1809 was the problem 


* (1) p. 59. > (1), pp. 58f£, 181. © (1), Vol. 3; pt. 1, p. 282. 

d Bonaparte & Favé (1), vol. 3, pp. 130-2. They were called veuglaires from a maker named Vógler, hence 
JSuggeler bussen. © See Partington (5), pp. 110, 112, 115, 121, 224. 

f There were alternatives, especially screw-in breech-blocks, such as Leonardo da Vinci sketched in his 
Codex Atlanticus about + 1500 (cf. McCurdy (1), vol. 2, opp. p. 206); but they were not much taken up, probably 
because of their slowness and awkwardness. The great Turkish cannon of +1464 in the Tower of London has 
them for its 2 ft bore (Blackmore (2), p. 172, no. 242 and pl. 3), but they found little use till after +1770, and 
never got to China. Movable breech screw-plugs came in from +1593, and pivoted chambers from +1680, but 
again not in China. On the whole development see Blackmore (1), pp. 58—9, 62, 64; Ffoulkes (2), pp. 94, 98. 
Screw-in breech-block chambers generally had sockets for handspikes. 

We should like to know a great deal more than we do about the artillery which was used on both sides at the 
finally successful Turkish siege of Constantinople in +1453. Several of the frescoed churches of northern 
Moldavia in Rumania (Arbore, Humor, Moldovita, Sucevita) have paintings depicting this, which range in 
date from +1503 to +1595. We reproduce what are perhaps the best pictures (Fig. 130) done in +1537 at 
Moldovita. On the right are seen the muzzles of three Turkish field-guns, but four other cannons can be made 
out on the city's ramparts, two confronting the land battery on the right, and two firing at an assault by naval 
vessels on the left, apparently with devastating results. All are clearly painted with dragon-scales, in accord- 
ance with the appellation so often given to artillery pieces. An enlargement (Fig. 131) shows the battery more 
clearly, but not clearly enough, unfortunately, to make out the breech arrangements. 
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Fig. 130. A fresco painting from the exterior wall of the church at Moldovita in Moldavia, Rumania. Though 
done in +1537, it depicts the siege of Byzantium eighty years earlier. Some artillery is visible on the ramparts, 
as well as crossbowmen in the tower on the right. Orig. photo. 


solved when S. J. Pauly invented the cartridge, first of many varieties to 
come.* 

When, early in the + 16th century, the breech-loader entered China, it got the 
name of fo-lang-chi'?, the ‘Frankish culverin’. But although we occasionally use 
this translation ourselves, culverin is not the right word,” yet unfortunately there 
is no satisfactory or well-recognised one. In +1 5th- and +16th-century English 


According to Runciman (3), рр. 66-7, 108, 116-17, 119, 126, the Turks, on the whole, took artillery a good 
deal more seriously than did the Byzantines. In the city they had few cannon, and if fired from the walls the 
recoil shook and damaged them, moreover there was a saltpetre shortage (p. 94). The Turkish bombardment 
continued for six weeks, but in circumstances difficult for the gunners, since their cannon lacked proper mount- 
ings (pp. 97-9). However, Sultan Mehmet II was advised from +145! onwards by a Jewish physician Jacopo 
of Gaeta, who knew something about guns; and in the following year they were joined by Urban, a cannon- 
founder from Hungary, who manufactured at least one monster some 27 ft long (pp. 77-8). It is particularly 
interesting, in view of their later failure to adopt modern science and technology, that at this time, just before 
the rise of the Scientific Revolution, the Turks should have been more open to advanced military technology 
than the Greeks. Cf. Fig. 121. 

For those who would like to pursue the matter further, the best collection of texts, translated and annotated, 
is that of Pertusi (1). 

a A Swiss artillerist, originally a wagon-maker, b. +1766. See Reid (1), р. 188; Blackmore (1), p. 66. 
Associated with this was the introduction of the fulminate percussion-cap, worked out by Alexander Forsyth 
(+1768 to 1843) in the Tower of London in +1799 (Blackmore (1), рр. 45 Ё). 

b Its worst feature is that it was generally used to imply muzzle-loading cannon. 


| (e RES ? (BH BB 


368 ЗО. MILITARY TECHNOLOGY 





Fig. 131. Another part of the same fresco Showing the field-guns of the Turks 
larger than the guns of the defenders (here two) pointing from the battle 


records these breech-loaders are described variously as ‘bases’, ‘port-pieces’ or 
‘serpentines’. By the early +17th century they are generally called ‘slings’ or 
"Portuguese bases’. The trouble with ‘culverin? is that, like ‘saker’, ‘minion’ and 
‘falconet’, it referred primarily to the length and bore of the gun; but so did 
‘base’, which became the one with the smallest calibre, So perhaps culverin or 
caliver may pass, so long as one realises its inadequacy, since it meant only any 
long and narrow cannon.’ 


+1475, is shown in Fig. 132. Of Spanish origin, its barrel is made of four staves 
welded together and bound with iron hoops; the chamber is still in place, and 
the tiller may originally have been straight.” Next (Fig. 133) is a Portuguese 
sling of c. +r 520, cast in bronze, with tiller broken off, and chamber-cavity 
empty.* The third (Fig. 134) was taken in Benin, and may be a Nigerian copy of 


* For the information embodied in this paragraph we have to thank Mr Howard Blackmore, Deputy Mas- 
ter of the Armouries at the Tower of London. 

b Metropolitan Museum of Art, New York City, no. 17.109, reproduced by the kindness of Mr Helmut 
Nickel. Barrel length т ft 10 in. 

* Tower of London Armouries, Blackmore (2), p. 139, no. 178. Barrel length 7 ft 10 in. 
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Fig. 132. Example of the fo-lang-chi. A ‘sling’ or ‘base’ (loosely called ‘culverin’ or ‘caliver’) from a Spanish 

warship, c. +1475. Photo. Metropolitan Museum of Art, New York City, where it is numbered 17-109 (cour- 

tesy of Helmut Nickel). This piece was dredged up near Seville; it has its chamber in position, and a swivel 

fitted under trunnions. The barrel is of four cast-iron staves welded together and surrounded by hoops. Length 
3'1"^, barrel length 1’10’’, bore at muzzle 11-7 cm., at breech 6:3 cm., wt. c. 50 kg. 


a Portuguese sling; its chamber is missing but it retains its long tiller.^ These are 
the types of weapon which were called fo-lang-chi.P 


(i) The fo-lang-chi! (Frankish breech-loader) 


‘In +1523 the Chinese captured two Western ships in which they found Portu- 
guese culverins. These weapons were presented to the emperor and given the 
name fo-lang-chi!, following the Chinese appellation for these foreigners; then in 
+1529 these guns were copied in China.’ So runs the conventional wisdom, but 
the story is a good deal more complicated, as Pelliot showed in a remarkable 
monograph (53) on the Hoja and the Said Husain of Ming texts.* Actually, the 
standard statement is the gist of the account in the Ming Shih, which adds that 
Wang Hung? was the one who presented the cannon at court.* 

The official historians were basing their account on two books, the Shu Үй Chou 
Tzu Lu? (Record of Despatches concerning the different Countries) of Yen 


* 'Tower of London Armouries, Blackmore (2), p. 170, no. 239. Barrel length 5 ft 2 in. Other breech-loaders 
in the Tower will be found in Blackmore (2), p. 50, no. 6, pl. 59 G (Dutch of +1670) which keeps an original 
chamber; p. 151, no. 196, pl. 59 A (Portuguese of c. +1525) with a hooped barrel 2 ft ro in. long, very like Fig. 
132; and p. 168, no. 234 (Malay or Filipino). 

^ Mendel Peterson (1) describes an expedition of nautical archaeology made by Edward Tucker and Edwin 
Link off Hamilton Harbour, Bermuda, in 1955-6, which recovered half-a-dozen Spanish or Portuguese culver- 
ins of this kind. 

* He was really trying to identify these characters, and cleared up the breech-loader problem on the way. 
There was at some point a Chinese-speaking envoy named Huo-Ch6-Ya-Sar?, evidently of Muslim origin, 
probably a Malay, possibly Hoja Hasan, or Khoja Hasan (i.e. Master Hasan). He was either an ambassador 
from Malacca, or one of the interpreters of the unfortunate ‘Tomé Pires (cf. Vol. 4, pt. 3, pp. 534—5); whoever 
he was, he was executed at Canton in +1523. The other Muslim mystery-man was Hsieh-I-Hu-Hsien* (Said 
Husain), a Uighur prince from Hami in Sinkiang; he was in good odour in 4 1488, but fell from grace and was 
executed in Peking in +1522. See also Lin Wén-Chao & Kuo Yung-Fang (т). 

* Ch. 325, pp. 86-104. Ch. 92, p. тта, b, gives +1529 and +1521. 

* He had in fact been the naval commander off Kuangtung who defeated the Portuguese squadron under 
Martim Affonso in +1522; cf. Chang Thien-Tsé (1), pp. 56 f., 60-1. 
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Fig. 133. Portuguese breech-loader of c. +1520 bearing the national arms. The chamber and the iron tiller are 
missing. Overall length 8'2'". Photo. Tower of London Armouries. Blackmore (2) catalogue, p. 139, no. 178. 
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Fig. 134. An African copy of a Portuguese breech-loader, date uncertain. The chamber is missing but the iron 
tiller is intact. Photo. Tower of London Armouries. Blackmore (2) catalogue, p. 170, no. 239. 
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Tshung-Chien! (+1574),* and the Huang Ming Shih Fa Lu? (Ming Political En- 
cyclopaedia) of Chhen Jen-Hsi? (+1630); but both of these say that it was a 
lower War Ministry official, Ho Ји“, who got hold of the guns in +1522, and that 
later on copies were cast at the capital by two Westernised Chinese, Yang San? 
(Pedro) and Tai Ming$^ However, when in +1519 the famous philosopher 
Wang Yang-Ming’ (d. +1529), then Governor of Chiangsi, was putting down 
the revolt of a prince named Chu Chhen-Hao?, he used, or intended to use, 
fo-lang-chi cannon.‘ In his collected works there is a piece? in which he says that 
his friend Lin Chün?, army commander against the prince, had his bronze- 
founders cast fo-lang-chi chhung' at this time—consequently the weapon was 
known in China, at least іп Fukien and Chiangsi, before +1522. Moreover, there 
had been another rebellion in the same province twelve years earlier, when 
Huang Kuan!! was prefect, and it had been put down largely by a volunteer 
officer named Wei Shéng", who attacked the brigands with more than a hun- 
dred fo-lang-chi, and destroyed them.* Therefore the Frankish breech-loaders 
were a fairly familiar weapon in the south as early as +1510. 

If this is the case, it cannot have reached China directly from the Portuguese, 
because Malacca did not fall until +1511." Pelliot thought it most probable that 
the guns came up from Malaya before Chinese people had ever met anyone from 
Portugal,’ in which case the word chi? really meant ‘machine’ from the first, i.e. 
*the engine of the Farangi, or Franks', and then the syllable stayed on in the 
transliteration of the name for the people." As Pelliot put it: ‘on avait connu les 
canons fo-lang-chi avant les étrangers Fo-lang-chi’. At all events there was a perva- 
sive association of fo-lang-chi breech-loaders with southern regions, as witness 


a Ch. 9, р. 9b- 

> Dates of +1530 (gth month) and +1533 (8th month) are both given for this in Ming Shih Lu. 

€ See Goodrich & Fang Chao-Ying (1), pp. 1412-13. 

4 Wang Wên Chhéng Kung Chhüan Shu, ch. 24, p. 12а. 

* The evidence for this comes, it is true, from the Fukien Thung Chih’? of Chhen Shou-Chhi'* (+1771 to 
1834), ch. 267, p. тоа, which was compiled long afterwards, but he used local manuscript records, and there is 
no reason for doubting his account. 

f The first Portuguese ship to touch at a Chinese haven was commanded by Jorge Alvares and the year was 
+1514. The first Portuguese diplomatic contact was that of Tomé Pires and began in +1517. See Vol. 4, pt. 3, 
РР. 597, 534- 

* [f so, things must have happened rather quickly, as the first Portuguese visit to Malacca was only in 
+1509. One wonders whether other sources ought not to be looked for-—Spanish, or even English? On the 
+1514 contact see Chang Thien-Tsé (1), pp. 35 ff. 

^ This designation of Europeans was widespread all over Asia at the time, derived, no doubt, from Arabs 
talking of Frankistan. For example, the Yuan Shih (ch. 40, p. ба) already uses the phrase Fu-lang!® for the 
Marignolli embassy (cf. Vol. 1, p. 189); and this was easily assimilated to the old Thang term for Byzantium— 
Rim (New Rome) — Fróm — Fu-lin!? (cf. Vol. 1, pp. 186, 205). The Farangs also generated the name for 
cloisonné work (see Sect. 35), which was of Western origin, fa-lan!8 (later fa-lang!?). A closer parallel to the 
fo-lang-chi breech-loaders comes from the fact that Bàbur, the first Mogul emperor (r. +1526 to +1530) used 
the names firingiha or farangi for cannon of Frankish design, though made in India (Partington (5), pp. 219, 234, 
279). Cf. Chang Wei-Hua (1). 
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the Yüeh Shan Tshung Than! (Collected Discourses of Mr Moon-Mountain), i.e. Li 
Wén-Féng?, who was writing about +1545. In the course of this book of memor- 
abilia, he notes that the design came originally from abroad, and in his time only 
the Cantonese gun-founders could make them as well as the foreigners could.? 

It is often said that the earliest Chinese description of the fo-lang-chi breech- 
loader occurs in the Chhou Hai Thu Pien of +1562, and this may be true, but 
when one takes a closer look one finds that Chéng Jo-Tséng was quoting a much 
earlier memorandum, written in fact by Ku Ying-Hsiang!, the scholar we met 
with long ago as a distinguished mathematician." When Ku was Acting Superin- 
tendent of Foreign Trade at Canton in +1517 he became an eye-witness of the 
arrival of a fleet under Fernáo Peres de Andrade, which brought the first Portu- 
guese ambassador to China, the ill-fated Tomé Pires.* What he said about the 
breech-loading cannon must therefore have been written long before, probably 
about +1525 or +1530. 

The report, which Chéng Jo-Tséng says did not get into the Ming Hui Tien, is 
given in his Chhou Hai Thu Pien;? it speaks of two Portuguese vessels carrying the 
Capitão-mor ( Chia-pi-tan-mo*), i.e. the ambassador, Pires, surrounded by tall men 
with prominent noses and deepset eyes wearing white head-cloths like Muslims. 
The Viceroy of the two Kuang provinces, Chhen Hsi-Hsien?, came to examine 
them, and the party was sent up to the capital, where it stayed in the Hostel for 
Foreign Tribute Missions (Hui Thung Kuan‘) for a year, but the Chinese were 
upset because the Westerners did not know the proper customs of civilised inter- 
course, and the embassy ended in failure. Actually, what was much more signi- 
ficant were the depredations of other Portuguese captains, and the bitter com- 
plaints of the ousted Rajah of Malacca. Then follows the passage about the guns 


(Figs. 135, 136):* 


This cannon (chhung’) is made of iron, and measures five or six feet in length. It has a 
large belly and a long barrel. At the bulge there is a long cavity, into which five smaller 
chambers (chhung’)® can be inserted in rotation, and these contain the gunpowder for 
firing." The gun is wrapped оп the outside with wooden staves and fastened with iron 
hoops to ensure that it does not split.' Four or five of these cannon are concealed behind 
a ship's bulwarks on each side, and if an opposing ship comes near, one single shot, 


? This text was first noted by Parker (7). 

^ Vol. 3, pp. 51-2. 

* Vol. 4, pt. 3. PP. 534-5. The full details are in Cortesáo (2), Pelliot (53) and Chang Thien-Tsé (1), 
pp. 420. 

4 Ch. 13, pp. 314, b, 32a. * Tr. auct. 

© Ming Shih later on (ch. 92, p. 11a) says bronze. 

* Notable here is the failure to invent a new term for what was clearly a new thing. We have often come 
across this misfortune before, as in Vol. 4, pt. 2, p. 465. Cf. Needham (2), pp. 215-16 (27). It was characteris- 
tic of medieval and traditional science and technology. See pp. 11, 130 above. 

^ ‘And the projectile too’, he might have added. 

! This we doubt; perhaps it was a mistake of Ku's. After all, he was not a gunner himself. 
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Fig. 125. The first Chinese illustratior of a Frankish culverin’ (fo-ang-chi chung}, om € CHTP, ch. 13: p. 3 
tone chataher or culasse is also shown. This book came out in +1362, but the relevant quotation came fiom d i 
report of +1325 ОЗО, The Snail cannon is mounted with its trunnions supported on a swivelling pivot. 
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g. 136. Another illustration. [rom tlie same work (ch. 13, p. 394). The mounting is morc elaborate but the 
sare principle of swivelling trunnions pertains. 
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finding its target, will smash the hull and send the enemy to the bottom. With this arm 
one can sail about at will on the high seas, and no other country’s ships can match it? 

When a cannon of this type, and its gunpowder formula, was submitted (to the 
throne) by an officer from the campaign against the sea-pirates, the gun was tested on a 
parade-ground, and its range was found to be only about тоо paces.” But it was ad- 
mittedly an effective weapon on shipboard, and it could also be used in the defence of 
city walls. However, it was not much good for carting about on open battlefields. 

Later on, when Wang Chhéng-Chai! (i.e. Wang Hung) became Minister of War, he 
sought permission to cast more than a thousand of such cannon for issue to (defence 
posts on) the three frontiers. One type was mounted on a wooden stand, so that it could 
be lowered and raised, or turned to the left and to the right (for accurate aiming). This 
method of mounting guns was originally developed in China, and did not come in with 
the Portuguese. 

Each (breech-loading) cannon weighs about 200 catties,^ and its three chambers 
weigh about 30 catties each. The single lead shot which each one contains weighs about 
10 ounces. 


The passage then concludes with a few lines which to some extent repeat what 
has already been said, extolling the universal mounting and recommending it for 
rampart defence, if not for attack. Although the smaller guns at sea let the force 
of the fire partly escape when they go off, and fill the vessel with thunderous 
noise, there is no wooden ship that can withstand a direct hit. They can also be 
mounted on rafts for coastal defence. 


(ii) Pield-guns, siege guns, and garrison artillery 


After this, illustrations and descriptions of breech-loading cannon are not rare 
in the Chinese military literature. A cannon with a bulbous belly and replace- 
able chambers like the fo-lang-chi and called the ‘flying-over-the-mountains 
magically (effective) gun’ (fei shan shen phao?) is illustrated by the great general 
Chhi Chi-Kuang? in his Lien Ping Shih Chi* of + 1568. There is no text to accom- 
pany the drawing (Fig. 137) but the caption says that the cannon measures 2 ft 7 
in. long and weighs 280 catties. The fo-lang-chi itself, with nine replaceable 


* On p. 32 of the same chapter, Chéng Jo-Tséng was not quite so optimistic. ‘Although the large Kuang- 
tung warships use cannon," he said, ‘yet as they rise and (all in the troughs of the waves they are dashed about, 
and they cannot be sure of hitting the pirate ships; even if they do, they cannot hit many.... The fo-lang-chi 
breech-loader itself may not hit the mark—but I must say if it does there is no ship which will not be pulve- 
rised by it.’ Tr. auct., adjuv. Mills (6). 

5 If this was the usual 5 ft double-pace, it would mean about 500 ft, but Ming Shih (ch. 92, p. 11 Б) says more 
than 1000 ft. 

< Ming Shih later on (ch. 92, p. 114) says from 150 to 1000 catties. 

9 This material was often paraphrased subsequently, as by Ling Yang-Tsao in his Li Shao Phien of +1799, 
ch. 40 (p. 649). 

* Tsa Chi, ch. 5, p. 256 (p. 242). 
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Fig. 137. The ‘flying-over-the-mountains magically effective cannon’ (fei shan shen phao), depicted by Chhi 

Chi-Kuang in LPSC (TC), ch. 5, p. 255, a work of +1568. The piece is short and stumpy but one culasse is 

clearly shown, so it was a breech-loader. Note the double trunnions (cf. Fig. 94). WPC, ch. 83, pp. 64, 7a, has it 
mounted on a wheelbarrow (Fig. 139), cf. pp. 325, 329. 
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chambers, also appears in this work.? Another artillery piece rather smaller than 
the fo-lang-chi but faster to fire was called the 'cannon-rivalling gun' (sai kung 
chhung') and is described in the Ping Lu? of +1606 with a diagrammatic ilustra- 
tion. Before long the breech-loading principle was extended to quite heavy guns, 
like the ‘invincible general’ (wu li ta chiang chün^) illustrated and described by 
Chhi Chi-Kuang (Figs. 140, 141).° This weighed 1050 catties, and was carried 
into position on a kind of barrow. Here a good new term was at last found for the 
chambers, tzu chhung?. The range for grape-shot was over 200 ft. 

Gannon of this name we have already come across (p. 338), but like all the 
largest ones they were muzzle-loading. Let us look at another one in the Chhou 
Hai Thu Pien, that called the "bronze outburst cannon’ (thung fa kung’) А Fig. 142. 
Chéng Jo-Tséng says:* 


Each of these weighs 500 catties or thereabouts, and fires 190 lead shot, each weighing 
about 4 catties. It is a powerful weapon for assaulting city-walls, as also for attacking the 
enemy when tens of thousands of them are gathered in massed formations. The stone 
cannon-balls are as large as a small peck measure, and any object struck by them must 
inevitably disintegrate. Walls will be penetrated, houses in their path will crumble, trees 
hit by them will fall, and from any men or animals that get in the way. blood will flow in 
streams. If fired at a mountain-side, the balls will bury themselves several feet deep. Not 
only are the cannon-balls not to be withstood, but objects which are struck by them will 
ricochet and strike other objects—even parts of the human body like limbs and trunks 
thrown about in this way will also cause damage. 

Not only are the cannon-balls so powerful and frightening, but after the priming- 
powder (i7) is ignited, the gas (chhi?) coming from (the explosion) i$ poisonous, the blast 
can blow. people to death, and even the earthquake-like noise can kill. Hence before 
letting off'a bronze outburst cannon it is necessary to dig a wench in which the gunner 
can take cover before lighting the fuse. Then, as the fire, the gas, and the roar all go 
upwards, he is protected from injury and death.‘ 

Of course it is always necessary to guard the gun with a detachment of brave soldiers 
so as to prevent the misfortune of the enemy capturing it. But if you are not attacking 
strong defensive works, nor getting out of a dangerous situation, you do not need to use 
this (great siege cannon). 


^ Tsa Chi; ch. 5, pp. (65, 17а, with two pages of description following. Fig 

© Ch. ro; p, 28a. à. 

^. Та Chi, ch. 5. pp. 135—162. 

*. The caption of the illustration has Kung? withour the fire radical. bat properly Aum, 
of ordnance. 

* Ch. 13, pp. 345.352, tr. auct. The same picture appears in //LC, pt. 2, ch. 2, p. 24, with text оп pp. 24, 3a, 
à, identical with that translated here. Tt is aiso in WPC, ch. :22, pp. 42, 52; ! 

© One remembers havibg come across this curious procedure before, and in fact it is (derivatively) in the 
Thien Kung Khai Wu (+1637), ch. 15, p: 75 (Sun & Sun m., p. 271, Li Chhiao-Phing tr., р. 393, both misunder- 
standing in different ways}. One wonders whether it is not a relic of the ever-present danger of these early big 
guns bursting. and killing the gunners. 
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Vig. 138. A Frankish culverin shown» in the same book ich. 5, pp. 164, 174), together with nine culasses to fit into it. 
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Fig. 139. One of Chhi Chi-Kuang's vase- or bottle-shaped breech-loaders (cf. Fig. 137) mounted at the front of 
an assault wheelbarrow (WPC, ch. 83, pp. 65, 7а) accompanied by four spears. The text says that there were 
three such cannon, one large and two small, but only a single one is shown. 


And the text goes on to say that this weapon could also be used on board ships at 
sea, if the vessels were large, and part of a fleet; it was also good for defending 
the gates of cities or encampments. The design was derived from the countries of 
the Western-ocean barbarians (Hsi-Yang Fan Kuo!) in the Chia-Ching reign- 
period (+1522 to +1566). 

The passage further adds that just as the first bronze outburst cannons were 
developed from foreign examples, so Chinese ingenuity (chhiao ssu”) produced a 
smaller version of the fo-lang-chi breech-loaders, and called it the ‘lead-and-tin 
gun' (chhien hsi chhung?), presumably because of the shot it fired. One of these is 
in the Tower of London (Figs. 1434, Ё); it has a swivel mounting though hardly 
larger than a musket. 

By +1605, when Ho Ju-Pin was writing his Ping Lu, even the terminology for 
cannon was reflecting Western usage, as we can see in Table 5, where 'serpen- 


= Kindly provided by Mr Howard Blackmore. One of the photographs of Caldwell (1) shows such a weapon 
actually in use (Fig. 144). Cf. Fig. 73 on p. 275. 
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Fig. 140. The culasse breech-loader applied to larger cannon; the ‘invincible general" (wu ti ta chiang-chiin) on 
its two-wheel carriage. LPSC (TC), ch. 5, р. 144, b. 


tine’, ‘falconet’ and ‘saker’ had their counterparts in Chinese. Illustrations too, 
now often show clear influence from the West, e.g. the field-gun with its trun- 
nions (chan chhung'),* the heavy garrison piece (shou chhung?)," and the siege gun 
ornamented in very European style (kung chhung)), Fig. 145." Variations in 
elevation are shown by the pictures in Figs. 146, 147, with the quadrant and 
plumb-bob at the cannon's mouth, set in the howitzer case at 60*, as the inscrip- 
tion says.? The carriage here resembles closely those of late + r6th-century can- 
non in the West.* Finally, the ‘tiger-cat mortar‘ ( fei piao chhung*) is illustrated 
(Fig. 148) in the act of bombarding a city, which with its church towers and 
crenellated walls seems likely to have come out of some Western gunnery book.' 


* PL, ch. 13, p. 6a. ^ Ibid. p. 224. © Ibid. p. 138. а Ibid. р. га, b. 

© Blackmore (2), p. t2. When we come down as late as 1844, one can find in the Hai Kuo Thu Chih, ch. 87, 
р. 234, a good drawing of a muzzle-loading ship's gun, like those which defended the ‘wooden walls. of Old 
England' in Nelson's time, complete with wheels, swabs, wedges and slow-match— but we do not reproduce it 
here. 

г PL, ch. 13, p. 145. But Yi Yangson's name has come down to us as the inventor of a bomb-throwing 
mortar which did good service against Hideyoshi's Japanese at the siege of Kyongju in Korea c. + 1593; see 
Hulbert (2), vol. 1, pp. 407 ff. 
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Fig. 141. Three chambers or culasses for the same (LPSC (TC), ch. 5, p. £34). 
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:cki6th century, the "bronze outburst canuon {itung fe kung) 


loading From. CHTP., ch. 13; p. 35a. СЕ WPC, ch; 122, p. 45. 
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Fig. 143a. Chinese musket-size breech-loading gun, in the Tower Armouries (photo. Blackmore). Overall 
length 8 ft. 





Fig. 144. Breech-loading cannon ( fo-lang-chi chhung) of musket size actually in use on board a junk in the South 
China seas in the thirties. Photo. Caldwell (1), p. 792. 





Table 5. Artillery pieces described in the Ping Lu (+ 1606) 





weight in catties range in paces 





powder 
charge 


upwards 


(howitzer-style) ret 


projectile horizontal 








demi-serpentine* pan shé chhung! 9-17 eq. 550—650 5500—6180 
large serpentine ta shé chhung? 18-25 eq. 700—900 6800—7270 13/85—9b 
extra-large serpentine pei ta shé chhung? 26—40 eq. 980 7190 
small Frankish sling hsiao fo-lang-chi* I 350 2900 


large Frankish sling la fo-lang-chi5 400 4000 13/105, тта 


flying tiger-cat mortar Jei piao chhung® 13/14b and 
204—214 

falconet ing shun chhung? 500 3540 13/165, 17a 

pouncing-owl cannon hsiao cho chhung 600 4390 13/174 

demi-saker^ pan chen chhung? 100 4620 

larger saker ta chen chhung ^ 950 4739 13/17b—185* 

extra-large saker pei ta chen chuung |! 1000 4650 

roaring-tiger cannon hu hsiao chhung 12 13/185—20a 


demi running-hog cannon pan thuan chhung ? 
large running-hog cannon la thuan chhung 14 
extra-large running-hog cannon pei ta thuan chhung ^ 
leaping-tiger cannon hu chü chhung 16 


13/235—24b 

















* This name for a small cannon should not be confused with the similar name for the lever in arquebuses that brought the slow-match to the touch-hole; cf. pp. 
455 ff. below. 

^ The word ‘saker’ originally meant a kind of hawk; here chen is the serpent-eagle or poison-falcon, Spilornis cheela (R317; Chéng Tso-Hsin (2), vol. 2, p. 104), so 
the translation seems appropriate. 

* Here there seem to be many printing errors. 

9 Said in the text to be of Western origin. 
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Fig. 145. Muzzle-loading siege gun ornamented in very European style, with swabs and other impedimenta, 
PLoch. 13, p. rgb: 
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Fig. 148. European-type field-gun at low elevation, from PL, ch. 33, p.25 (+1606). — 
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Fig. 147. European-type field-gun at high elevation, from PL, ch. 13, p. 2a. 
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Fig. 148. The ‘flying tiger-cat mortar’ (fei piao chhung), no doubt copied from some Western gunnery book, 

since it is in the act of bombarding a town with church towers and crenellated walls. PL, ch. 13, p. 145. And 

indeed the heading of the following page says "Details of the Western Methods of casting large and small 
Cannon’. Note the quadrant, protractor and plumb-bob at the muzzles of the cannon in all these three pictures. 
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Nevertheless, Chinese artillery continued to impress Westerners quite favour- 
ably. In +1596 Jan van Linschoten wrote:* 


All the Townes in that Countrie are walled about with stone Walles, and have Ditches of 
water round about them for their Securitie; they use no Fortresse nor Castles, but onely 
upon every Gate of the Towne they have strong Towers, wherein they place their Ord- 
nance for the defence of ye Towne. They use all kinde of armes, as Calivers, etc. 


It was rather acute for an observer at this time to realise that there were no 
castles in China since for centuries there had been no military feudal aristocracy, 
but only centres of population and administration held for the king. After the 
passage from Juan de Mendoza (+1585) quoted on p. 54, he goes on to say 
that Friar Gerrardo saw some ‘ill-wrought’ pieces of artillery, but 


it was given them to understande that in other provinces of the kingdome there be that 
bee very curiously wrought and faire, which may bee of such that the Captain Artreda 
did see; who in a letter which he wrote unto King Phillip, giving him to understande of 
the secreets of this Countrie, amongst which he saide: ‘the Chinos doe use all armour as 
wee doe, and the artillerie which they have is excellent good’ ... 1 am of that opinion, for 
that I have seene vessels there of huge greatnesse, and better made than ours, and more 
stronger.” 


Three hundred years later, after that long a period of capitalist enterprise and 
production, the disparity between Western and Chinese artillery became con- 
siderably greater. 

Mention of the quadrant and plumb-bob at the mouth of the cannon in Fig. 
146 leads us on to say something about the beginnings of external ballistics. As is 
generally known, the earliest Western speculations about the path ofa projectile 
supposed it to move in a straight line for a while, before succumbing finally to 
the influence of gravity and then falling downwards in an equally straight line, 
not unlike the course of the mortar shell seen in Fig. 148. This was the concep- 
tion in the days of Nicolo Tartaglia (+1537, +1546). But Galileo (+1638) and 
Torricelli (+1644) proposed a parabolic trajectory,’ and this eventually became 
more like a hyperbola when the resistance of the air was fully taken into account, 
as by Newton (+1674) and later mathematicians.‘ 

In East Asia ballistics was pursued more in Japan than in China, but the 
connections were close. The famous Inatomi family of gunsmiths’ left many MS 
books still extant.on the theory and practice of gunnery, notably one of + 1607 to 
+1610 in twenty-nine large volumes. The: most outstanding member of the 
family, Inatemi Naoie, recorded a tradition that Sasaki Shyé-huziro. had first 
learnt the art in Chima, and then transmitted it to his grandfather Inatomi 


* (4), vol. i, pp. 13971. The passage was largely a borrowing trom Mendoza (1), p. 342 (Hakluyt Soc. eda, 
уой. а, p. 288), whose translator said arcabuses or "hargabushes'. 
* (1, vol. r; pp. 128; th. rs of bk 3. 
See Hall (15; pp. 37 8. а Thid. рр. 896. 
lbid. pp. 12345, 140. * CE p. 470 below. 
Tighura & Накаға (1). p. 84. 
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Sagami-no-kami Naotoki; this would take us back to +1500 or earlier, certainly 
before the arrival of either the Turkish or the Portuguese musket (cf. pp. 440 ff. 
below) in China and Japan, and would suggest that the Chinese hand-guns of 
the +15th century, probably with serpentines.* had begun the affair^ By 
+1618 trajectories were being studied by Shimizu Hidemasa, who visualised a 
slow rise followed by a slow fall.* Then from +1659 onwards? the parabolic 
trajectory was proposed, first in the Kaisan-ki! (Book of Improved Mathematics) 
by Yamada Shigemasa', then in the remarkable work of Nozawa Sadanaga?, the 
San Kytikai* (Mathematics in Nine Chapters) of +1677." This book, which 
accompanied the illustration of the curve with complicated quadratic equations, 
was the first Japanese treatise to explain physical phenomena using mathema- 
tical formulae. There may have been some Jesuit or other Western influence 
here,* but Nozawa's view of the world was at least as much Chinese, based on 
the Yin-Yang theory, decimal metrology," and the standard pitch-pipe dimen- 
sions.! The Suan Fa Thung Tsung’ (Systematic Treatise on Arithmetic) of Chhéng 
Ta-Wei* (+1592) had been translated into Japanese only two years before 
Nozawa's own writing, and he was probably strongly influenced by it. Lastly 
there was the extension of Yamada's work by Mochinaga Toyotsugu’ & Ohashi 
Takusei®, the Kaisan-ki Kömoku’, which continued to speak of gunshot parabolas. 

After the rangaku (Dutch learning) period had opened, Shizuki Tadao pro- 
duced in +1793 the Kaki Happó-den!! (On the Firing of Guns and Cannon) trans- 
lated from the relevant parts of J. Keill’s Inieidinge tot de Waare Natuur- en Ster- 
rekunde.* This continued the parabolic interpretation. But gradually more 
advanced ideas became prevalent, as in the Kikai Каптап (Survey of the Ocean 
of Pneuma) by Aoji Rinsó" (1825), the first work on modern science in 
Japanese, including besides physics much astronomy, meteorology and ballistics.’ 
There was an extension of this in 1851 by Kawamoto Kémin™ entitled Kikai 
Каптал Kógi", and the theory of projectile motion in this was studied by Mikami 
Yoshio (25).™ But we need not pursue the story inte the modern period further, 
and must return to the +17th century. 


* Cf p. 439 below. ^ [takura & Ttakura (1), p. 89. © Thakura & Ttakura (1), p. 85. 

? Моге that this was after the closure of the country to foreign influences, and during the time when the 
production of fire-arms was steadily decreasing (cf. pp. 469 below). 

© See Mikami Yoshio (22). Having regard to possible contacts. this must almost certainly have been inde- 
pendent of Galileo. 

f On this see Irakura (1) 

* Bai it must have heen very small and second-hand, since the Christian religion was outlawed in +1616. 
Ail the Latin Jesuits had been expelled, and the Dutch rangaku influence had hardly begun. Indeed. the year 
+1720 may be regarded as the beginning of it (cf. Fujikawa Yu (13; p. 56). 

"СЕ Vol. 5, pp. Во * CE Vol. 4, pt. 1, pp. 171 f. E Cf Vol. 5. pp. gie. 

* Leiden, 1741. On the translation and its ballistic content see Mikami Yoshio (22). 

! CE Vol. 4, pt 2, p. gar. i 

^ He has also considered the contributions of Koide Shükil? (1847) and ikebe Harutsune!’. See Mikami 
(ар 26). 
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European cannon, in the era of nascent capitalism, were indeed now making 
all the running. In + 1600 or soon after, late in the Wan-Li reign-period, Chinese 
artillerists obtained a cast-iron cannon larger than any hitherto known, from 
some European ship. The Ming Shih says:* 


At this time, a ship arriving from the West (Ta Hsi-Yang!) brought an enormous can- 
non, which got the name of the ‘red (-haired) barbarian gun’ (hung i phao?). It measured 
over 20 ft long, and weighed as much as 3000 catties. It could demolish any stone 
city-walls, and its earthquake-like roar could be heard for several dozen li around. 

During the Thien-Chhi reign-period (+1621 to 7) the (old) name of great general’ (ta 
chiang-chün?) was given to it, and officials were sent to pay honour to it. 

During the Chhung-Chén reign-period (+1628 to 43) the grand secretary (ta Asiieh 
shih*) Hsü Kuang-Chhi? requested the emperor to issue an edict commissioning Wester- 
ners to fabricate weapons of this kind. 


It will be remembered that Hsü Kuang-Chhi was a great friend of the Jesuits,‘ 
so this text immediately plunges us into the strange story of the apostles of 
Christianity engaging in gun-founding for the Chinese governments of the day. 
It began in a relatively small way, with the Jesuits marginally involved;* þe- 
cause from +1620 onwards the danger of Manchu incursions and border fights* 
caused the Peking government, urged by Hsü Kuang-Chhi and other officials, to 
look with favour on the idea of inviting Portuguese artillery detachments north 
from Macao to oppose the Manchus." The first group of these gunners set out, 
with some cannon, in +1621, but failed to get through; the second, consisting of 
gunnery instructors, arrived in Peking in the spring of the following year. Ur- 
gent invitations, however, continued, and the colourful Jesuit Joào Rodrigues 
(Lu Jo-Han)^ went with others to Kuangchow early in +1628 to arrange for a 
larger detachment, then accompanied it himself as interpreter. It was com 
manded by an artillery captain, Gongalvo Teixeira-Correa (Kung-Sha Ti-Hsi- 


a Ch. 92, p. 115, tr. auct. Often afterwards quoted, as by Ling Yang-Tsao in his Li Shao Phien of +1799, 
ch. 40 (p. 650). 

> In Taoist folk-religion any device or machine of almost miraculous potency was something which should 
receive veneration; analogous perhaps to Indian puja addressed to tools and instruments. This went against the 
grain of Confucian officialdom, but they generally played along with popular feeling. 

© We have often discussed him and his work, cf. Vol. 1, p. 149, Vol. 3, pp. 52, 110, 447, and Vol. 4, pt. 2, 
passim. The Jesuits called him *Doctor Paul'. According to Matteo Ricci's account and Hsü's biography in 
Ming Shih, ch. 251, p. 154, they discussed together not only astronomy, mathematics and calendrical science, 
but also the modern firearms of the West. 

9 А good brief account is that of Cooper (1), pp. 334 ff. 

© We shall see something of this at closer range from the gunnery point of view in a few moments (pp. 398 f. 
and Figs. 152 to 155 below). 

£ Already in +1557 a force of Portuguese gunners and musketeers had helped the Governor of Kuangchow 
to suppress an uprising of pirates and dissident soldiers (Cooper (1), p. 335; Videira-Pires (1), pp. 698 Е). 

* Unfortunately, one of the artillerymen, João Correa, lost his life, together with two Chinese gunners, when 
one of the cannons blew up in +1624. 

^ He was always known as Rodrigues Tcuzzu, or Interpreter Rodrigues, partly because of his exceptional 
linguistic ability, and partly to distinguish him from other Jesuits of the same name. Tcuzzu comes [rom Jap. 
tsuji = thung shih’, He was really a long-standing member of the Japan Mission, but had been exiled to Macao. 
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Lao!), and took with it ten field-guns, but saw little fighting, as the Manchus 
thought discretion the better part of valour, and retreated. Substantial reinforce- 
ments under Pedro Cordeiro and Antonio Rodrigues del Campo arrived in +1630, 
but did not stay long.* Teixeira and his men, however, served under Sun Yuan- 
Hua’, the Governor of Téngchow in Shantung, who had studied mathematics 
and gunnery with Hsü Kuang-Chhi, but both he and Rodrigues were caught 
there in a mutiny of troops in +1632, and the former was killed though the latter 
escaped. Afterwards Rodrigues wrote a eulogy of his friend the artillery captain, 
entitled Kung-Sha Hsiao Chung Chi? (Memoir of the Loyal and Gallant Gonçal- 
vo).^ At some point during their stay at Téngchow, a Korean embassy headed 
by Chóng Tuwón* came through, and Rodrigues presented him with many sci- 
entific and technical books, including one Explanation of Western Cannons. We do 
not have the Chinese title, but quite probably it was the Hsi-Yang Huo Kung Thu 
Shuo? (Illustrated Treatise on Western Gunnery), which had been written by 
Chang Tao and Sun Hsüeh-Shih in +1625 or just before, in connection with 
the earlier expeditionary force of Portuguese artillerymen.* Rodrigues also gave 
to Chóng a pair of quick-firing guns of some kind.? Finally he got back to Macao, 
and died there later in the same year.* All this goes to show two things, the 
intense interest which Chinese and Koreans both took in European gunnery 
developments at this time, and the natural, if regrettable, connection of the 
Jesuits with it. 

What then happened followed inevitably from the new superiority of Euro- 
pean armaments—the Jesuits were the most learned and scientific Westerners 
available, so they were ‘drafted’ into service." In + 1636, in the last decade of the 
Ming dynasty, Johann Adam Schall von Bell (Thang Jo-Wang?)5, the Director 
of the Astronomical Bureau, was called upon to advise about the fortifications of 
Peking, and had to do so again in + 1643, though hardly any action was taken.» 
Then in +1642 he was visited by the Minister of War, Chhen Hsin-Chia?, who 
invited him to set up a bronze cannon-foundry in the capital, and in spite of all 


> This was partly because of growing bureaucratic nervousness at having so many armed Westerners 
around (in this connection cf. Vol. 4, pt. 3, p. 534), and partly because of the commercial interests of the 
Kuangchow merchants, who profited greatly by the Portuguese trade and wanted no weakening of the city of 
Macao, already subject to attacks by the Dutch. They actually paid the return travel expenses of the force. 

5 Pfister (1), p. 25* (add.). 

* This work is now extremely rare, if extant at all; on it see Pelliot (55). It may be no coincidence that the 
two Chinese Christian officials who were sent down to Macao twice (in +1621 and 1622) to expedite the 
Portuguese artillery detachments were named Michael Chang and Paul Sun respectively. They may well have 
been the authors concerned. See Cooper (1), pp. 335-6 and Pfister (1), p. 12* (add.). 

3 Kukcho Pogam, ch. 3, pp. 65a ff. For the probable nature of these weapons, cf. pp. 424, 461 below. 

* On all these episodes see Boxer (12). 

© We can be brief in this relation because we discussed the matter fairly fully in Vol. 5, pt. 3, pp. 240-1. The 
facts can be followed further in Pfister (1), p. 165; Bornet (1, 2, 3); Wath (1), pp. 111 f., 370; and Duhr (т) 
рр. бо f Occasional references occur, for example, іп Rémusat (12), vol. 2, p. 220. 

* Often discussed in Vol. 3, esp. pp. 447 f. 

^. Schall von Bell (1), pp. 34, 90. 
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expostulations this was what he had to do.* The arms desired were like sakers^ 
and all he could do was to get their size reduced from 75-pounders to 40- 
pounders; of these twenty were cast that year, and 500 smaller ones in the year 
following. It was at this time that he collaborated with Chiao Hsü! in producing 
the book Huo Kung Chhieh Yao? (Essentials of Gunnery), an admirable work, 
which we quote from time to time. Schall von Bell survived both the end of the 
Ming, and a wave of severe persecution also, not dying till +1666, at which time 
he handed over his astronomical position to another Jesuit, the Belgian, Ferdi- 
nand Verbiest (Nan Huai-Jen?). 

It must not be supposed that the Ming metal-workers were incapable of 
designing and casting good cannon themselves. In 1952 when in Shenyang, I 
visited the home of a former warlord, Thang Yü-Lin', and found outside two 
big guns, the larger one about 12 ft long and of 5 in. bore. It had on it the follow- 
ing inscription, which I copied: 


Great General Pacifying Manchuria. Cast for the Regional Commander-in-Chief and 
High Commissioner for Military Affairs in Liaotung, Wu Chiian-Tzu°. Arsenal Superin- 
tendent and Regional Commander, Sun Ju-Chi$. Staff Officer in charge, Wang Pang- 
Wên.” Chief bronze-founder Shih Chün-Hsien.? Made on a fortunate day, in the 12th 
month of the 15th year of the Chhung-Chén reign-period. 


That was +1642, and the day cannot have been so fortunate, for only two years 
later the Manchus captured Peking, and the cannon was probably used by them 
during the ensuing century. 

What happened to Schall von Bell happened also to Verbiest—a decade later, 
the identical play was acted over again. Wu San-Kuei?, the powerful general 
who had joined his army with the Manchu troops of Dorgon” in +1644 to cap- 
ture the capital from the Ming, and then served the Chhing dynasty loyally for 
nearly thirty years, especially by his successful campaigns against the remnants 
of the Southern Ming in Yunnan and Burma,‘ became in the end disaffected, 
and set up a standard of revolt in Kweichow and Hunan in +1673. He pro- 


а Schall von Bell (1), pp. 63 f., 80 ff. ^ Cf. Table 5, p. 385 above. 

* Actually the Ming had already fallen, and the last emperor had committed suicide, so the invaders were 
liquidating a great peasant uprising under Li Tzu-Chhéng!!, who had proclaimed a Ta Shun?? dynasty. This 
has always been regarded as a classic case of class interest prevailing over national feeling. 

4 The Southern Ming were also capable of casting good cannon, and one of them, dredged up from Kaitak 
Bay in 1956, now stands beside the Central Government Offices in Hongkong (Fig. 149). The inscription gives 
the names of the three generals who ordered the casting, which was directed by a colonel, Hsiao Li-Jen,!^ and 
delivered to the commander of the ordnance depót, Ho Hsing-Hsiang.!? The date was the 6th month of the 4th 
year of the Yung-Li reign-period (positively the last that the Ming ever had), i.e. +1650. This was twelve years 
before the last extinction of the line, when the Ming Pretender, Chu Yu-Lang!>, was executed at Kunming. 
What service the gun saw before being sunk in the sea we do not know. From Goodrich (23) we learn that 
another Southern Ming cannon cast in the same year has been found near Hongkong, and the name of Hsiao 
Li-Jen is on it too, so he must have been some kind of Master-General of Ordnance for that remnant dynasty in 
its last days. A little-known study of these guns and their inscriptions is that of Lo Hsiang-Lin (6). 

For the photograph of the Kaitak cannon we are much indebted to Mr J. Cranmer-Byng. 
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Fig. 149. Southern Ming cannon cast in +1650, dredged up from Kaitak Bay in 1956, and now standing 
beside the Central Government Offices in Hongkong. See Lo Hsiang-Lin (6). Photo. John Cranmer-Byng. 


claimed himself emperor of a new dynasty, the Chou’, in +1678, but died of 
dysentery that same year. It was therefore perhaps not surprising that Verbiest, 
who had been re-equipping the Peking Observatory with splendid bronze in- 
struments from +1669 to 4 1673,* should receive a summons in +1675 to set up 
another cannon-foundry, this time for the Manchus. 

Let us listen to the elegant account of another Jesuit, Louis Lecomte (Li 
Ming?) written twenty years or so later.” 


After the Emperor had tryed many feveral ways to no purpofe, he faw plainly that it was 
impoffible to force them [i.c. the troops of Wu San-Kuei] from the places where they had 
entrenched without ufing his great Artillery: but the Cannon which he had were Iron, 
and fo heavy that they dared not carry them over such fteep Rocks, as they muft do to 
come to him. He thought Father Verbiest might be affiftant to him in this matter; he 
commanded the Father therefore to give directions for cafting fome Cannon after the 
European manner. The Father prefently excufed himfelf, faying that he had lived his 
whole life far from the noife of War, that he was therefore little inftructed in thofe affairs. 
He added alfo that being a Religious, and wholly employed in the concerns of another 
World, he would pray for his Majefty's good fuccefs; but that he humbly begged that his 
Majesty would be pleafed to give him leave not to concern himfelf with the warfare of 
this World. : 

The Fathers Enemies (for a Missionary is never without fome) thought that now they 
had an opportunity to undermine him. They perfuaded the Emperor that what he com- 
manded the Father to do, was no ways oppofite to the will or intention of the Gofpel: and 


a See Vol. 3, pp. 451 f., Figs. 189-92. 
^ (1), pp. 368-9. 
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that it was no more inconvenient to him to caft Cannon than to caft Machines and 
Mathematical Inftruments, efpecially when the good and fafety of the Empire were con- 
cerned: that therefore without doubt the reafon of the Fathers refufal was becaufe he 
kept Correfpondence with the Enemy, or at leaft becaufe he had no refpect for the 
Emperor. So that at laft the Emperor gave the Father to underftand, that he expected 
obedience to his laft Order, not only upon pain of lofing his own Life, but alfo of having 
his Religion utterly rooted out. 

This was to touch him in the most fenfible part, and he was indeed too wife to ftand 
out for a nicety or a fcruple at the hazard of lofing all that was valuable. I have already 
affured your Majefty [he said] that I have very little underftanding in cafüng Cannon; 
but fince you command me I will endeavour to make your Workmen underftand what 
our Books direct in this Affair. He took therefore upon himfelf the Care of this Work, and 
the Cannon was proved before the Emperor, and found to be extraordinary good. The 
Emperor was fo well pleafed with the Work, that he pulled off his Mantle, and in the 
prefence of the whole Court gave it to Father Verbiest for a token of his Affection. 

All the Pieces of Gannon were made very light and fmall, but ftrengthned with a ftock 
of Wood from the mouth to the breech, and girt with feveral bands or Iron; so that the 
Cannons were ftrong enough to bear the Force of Powder, and light enough to be carried 
thro’ any, even the worst, Roads. This new Artillery did every way anfwer what they 
propofed from it. The Enemy were obliged to leave their Intrenchments in diforder, and 
foon after to Capitulate; for they did not think it poffible to hold out against thofe any 
longer, who could deftroy them without coming themfelves into reach. 


It seems that the Manchu artillery had about 150 cannon, but (as Lecomte 
says) many were too heavy for a mountain campaign, so Verbiest was called 
upon to cast a lot of smaller ones. Having duly organised the foundry he cast 
twenty in the first month, then 320 during the rest of the year.* On a previous 
occasion we could not help commenting adversely on the Christian ceremonies 
that Schall von Bell carried out in his foundry,” but now Verbiest did not hesi- 
tate to bless the guns liturgically with asperges and incense, giving to each one 
the name of a saint, and inscribing it accordingly. He was awarded the title of 
Deputy Minister of Public Works (Kung Pu Shih Lang!) for his pains. By an 
extraordinary coincidence, two of his guns are still preserved in the Tower of 
London,‘ having been captured at the Taku Forts in 1860 (Fig. 150). One has a 
legible inscription, which runs as follows: 


General of Holy Authority. Cast in the 28th year of the Khang-Hsi reign-period 
[+1689]. It takes 1 catty, 12 liang, of powder as charge, and fires an iron ball weighing 
3 catties, 8 liang.^ Height of the sight 6 /2п, 3 li.* Official in charge, Nan Huai-Jen. 


а See Bosmans (2, 4) and Pfister (т), pp. 347 ff. What is interesting here, as Dr Clayton Bredt points out, is 
that Verbiest seems simply to have made improvements on the long-established Chinese tradition of producing 
remarkably light-weight cast-iron ordnance, rather than introducing imported Western types. All the Huo Lung 
Ching and Chhou Hai Thu Pien weapons weighed very much less than Western guns of comparable calibre. 
These Chinese ‘minions’ continued in use right into the nineteenth century, as late as 1875 (cf. Bellew, 1). 
Verbiest's chief modification seems to have been the lengthening of the barrel. 

> Vol. 5, pt. 3, p. 240. 

© See Blackmore (2), pp. 153-4, no. 203, pl 42а, b. 

* About 1-66 Ib. and 4-5 lb. respectively. * About o-882 in. 
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Fig. 150. One of Ferdinand Verbiest’s field-guns, set on a mounting of about 1910 style, preserved at the 
‘Tower of London. Blackmore (2) catalogue, p. 153, no. 203 and pl. 424, 6. Another of these cannon bears the 
date of +1689. 
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Officials supervising, Fo Pao and Shih Ssu-Thai. Artisan, Wang Chih-Chhen. Crafts- 
men, Li Wén-Té and Yen Nai. 


Since this was the year after Verbiest's death, his foundry must have gone on 
producing a whole series of cannon designed by him. Each has a solid trail fitted 
with a hinged traversing lever and elevating screw.* Here we cannot refrain from 
reproducing an imaginative drawing of Ferdinand Verbiest aiming and firing 
one of his guns (Fig. 151)? under the admiring gaze of assorted mandarins and 
artillerymen. Verbiest too seems to have written a treatise in Chinese on can- 
non and cannon-founding, but the title is not known and the text seems to have 
perished.* 

Leaving now the exploits of the Jesuits as cannon-founders, we must retrace 
our steps a little to look at some quite remarkable drawings which have come 
down to us portraying the state of artillery in China in the second decade of the 
+17th century. They are battle pictures contained in the Thai Tsu Shih Lu Thu? 
(Veritable Records of the Great Ancestor (of the Chhing Dynasty) with Illustra- 
tions), first written in +1635. This was Nurhachi?, who fought the Ming from 
+1609 onwards, especially after +1616 when he proclaimed himself emperor of 
a Later Chin (Hou Chin?) dynasty, recalling that the Manchus traced their 
descent in part from the Jurchen Chin Tartars.* His first invasion of China was 
in +1618, and he continued at war until he died in +1626. 

When one studies the pictures in the book it is clear at once that the Manchus 
are generally drawn as mounted archers wielding bow and sword, with the guns 
all on the side of the Ming; but towards the end the Manchus are using firearms 
too.! A characteristic study of the field-guns is that of Fig. 152, which shows 
Nurhachi’s cavalry taking a Ming battery from the rear.? The eleven guns 
shown are mounted on two-wheeled barrows, the handles of which form the 
trails, and in front of each there is a shield, presumably of metal.” Three are 


* "These may have been later additions. Another of Verbiest's guns is preserved in the Hakozaki Shrine on 
Kyushu in Japan. 

^ Tt is the frontispiece of the second volume of the popular book of Caillot (1), published in 1818. 

* Du Halde (1), vol. 2, p. 49; van Hée (17); Pelliot (55), p. 192; Pfister (1), p. 359. It was not known to 
Cordier (8), but Dr Hsi Tsé-Tsung tells us (priv. comm.) that its title was Shen Wei Thu Shuo! and its date 
+1681. 

4 The text is in Chinese, but the pictures have Manchu captions also. No writers are known by name, but 
they must have been official historians living very near the dates of the events described. The bibliography is 
complicated (scc Hummel (1), pp. 598—9), and there are several versions of the text, while some sets of pictures 
were re-drawn by Mén Ying-Chao? in +1781. We use the MS. of +1740, reproduced in facsimile by the 
North-east University at Mukden in 1930. How exactly faithful the illustrations in this are to the MS. of +1635 
one cannot know, but they have no flavour of the late +17th or +18th centuries. 

* The name Chhing was not adopted till +1636. 

* Something should perhaps be allowed for Manchu self-congratulation in that they felt they had conquered 
troops better armed than themselves. But from Chhen Wén-Shih (7) we learn that the first ‘modern’ cannon 
was not cast by the Manchus until +1631, i.e. after the death of Nurhachi. Cf. Li Shao Phien, ch. 40 (p. 650). 

= One of the Four Princes (Beile) is shown in the right-hand bottom corner with his staff. The caption says 
that the artillery belonged to the forces of Kung Nien-Sui’, one of the Ming generals. 

^ We shall say something more of shields on pp. 414 ff. below. Here they are generally painted with lion- 
mouths, suns, etc. 
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Fig. 151. An imaginative reconstruction of Ferdinand Verbiest, in his Jesuit robes, aiming and firing one of the 
field-guns cast for the Chhing dynasty under his directions. Manchu officials look on. From Caillot (1), the 
frontispiece of vol. 2 (1818). 
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partly or wholly overturned, and the gunners are dead or fleeing. Between each 
gun there are double-barrelled bird-beak muskets with prongs? at the front end 
as supports; six of these can be seen, but none in use. One gets the general 
impression that the Chinese artillery was good when emplaced, but rather lack- 
ing in mobility. 

Another picture (Fig. 153) shows a frontal attack on a Ming battery* by Man- 
chu archers, both mounted and on foot, with Nurhachi himself commanding in 
the right-hand bottom corner. Again there are the field-guns and the shields to 
protect the gunners,’ but besides these one can see five more guns simply resting 
on the parapet of the entrenchment, with a bombardier just about to fire one off 
at the bottom on the left." The priming-pans of the cannon are carefully drawn 
in, and twelve of the bird-beak muskets may be noted, this time single-barrelled.' 
Double-barrelled muskets appear again, however, in Fig. 154, where the front 
line of Khang Ying-Chhien's! men is firing six of them, while he himself is indi- 
cated commanding behind.’ The musketeers have quilted armour, but not the 
swordsmen with round shields. 

The two-wheeled barrow-carriage was not the only way in which field-guns 
were mounted at this time, for Fig. 155 shows another frontal attack on a battery 
by the Manchu cavalry," and here the guns are all attached to what we can only 
call ‘carpenter’s bench trolleys’. These trestles seem at first sight to have wheels 
at the end of each of their splayed legs, but a more careful look suggests that they 
were simply round flat feet, in which case the mobility was very poor.' Two of 
these trestles have overturned in the combat) This curious type of carriage 
appears again in other illustrations, such as that depicting Nurhachi’s siege of 
Liaoyang, which fell in +1621. Here they are all mounted on the flat ground 
between the city-wall and the moat, and in several cases the gunners can be seen 
applying their match (Fig. 157).* One could hardly get a better insight into 


* Anyone wishing to see a photograph of such prongs in contemporary use may find it in Stone (1), p. 265, 
fig. 328, who calls them ‘A-shaped rests’. The example comes from the Lamut, a Tungusic people in Siberia. 
And the Chinese army still had them on its muskets in 1860 (Fig. 156). 

^ On muskets see the following sub-section, pp. 429 ff. 

* Under the general Phan Tsung-Yen?, who can be seen in person in the left-hand top corner. Nurhachi's 
men are opposed by a few Ming archers, who do not seem to be doing ànything however. 

9 One gun-carriage is'already overturned. 

© This lack of any form of carriage or mounting appears also in another drawing, which depicts the death of 
the Ming general Liu Thing? in +1619. On the whole campaign of this year see the paper of Huang Jen-Yü 
(6). 
* Two of them can be seen firing, in the top right-hand corner of the picture. 

= Besides these, there are thirteen bird-beak muskets to be seen. 

^ The Chinese were here commanded by a general named Ma Lin‘, and this may well be part of the battle 
of +1619 in which he was killed. 

і Dr Clayton Bredt, however, is sure that they were wheels, and that most, if not all, of these field-guns were 
leather-wrapped. 

J Besides the field-guns, nine bird-beak muskets, some double-barrelled, are to be seen. 

* As in most of the other drawings, the field-guns are all breech-loaders, though no spare chambers ever 
appear. 
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From TTSLT (no. 6). 


Fig. 154. A group of Ming musketeers firing off their guns 
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Fig. 155. Another mounting for field-guns in early +17th-century China; they are carried upon ‘carpenter’s 

bench' supports (cf. Figs. 82, 88, 106). These may have had wheels, but it is more likely that the legs simply 

ended in round flat feet, so that the mobility was very limited. In this picture (TTSLT, no. 3), the Manchu 

cavalry is overrunning a Ming battery commanded by Ma Lin, and it may be the very battle of +1619 in 

which he was killed. In this illustration the pronged muskets are again visible, and a couple of the trestle 
mountings have been overturned in the melée. 
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Fig. 156. Prongs still in use on muskets in 1860, a drawing from Hutchings’ California Magazine for June of that 
year, p. 535. Ref. courtesy of Michael Rosen. The prongs are shown erroneously, however; they were evidently 
intended to help aiming when firing over a parapet or on the ground, and should therefore curve in the same 
direction as the butt (cf. the TTSLT illustrations). The present artist was not the only one who fell into this 
mistake, for it was also made in the illustration of Allom & Wright (1), vol. 1, opp. p. 87 in 1843, depicting a 
military guard-station at Thung-chang-fu on the Grand Canal. Cf. Vol. 4, pt. 3, Fig. 718 above. 
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Fig. 157. 'Carpenter's bench’ trestle mountings seen again in a picture of Nurhachi’s siege of Liaoyang in 
+1621. The Ming artillery is deployed on the flat glacis outside the city wall; four of the seven guns are being 
fired, and five musketeers are also to be seen. From TTSLT (no. 9). 





30. THE GUNPOWDER EPIC 407 


the artillery of China in the early +17th century than from these drawings.? The 
world of learning has perhaps been unduly dazzled by the cannon of the Jesuits, 
so that the real achievements of the indigenous artillery have been somewhat 
overlooked. 

All through the +16th and 4 17th centuries artillery was very prominent in 
the Chinese culture-area. One can see this from the many memoirs of adven- 
tures and narrow escapes in those troublous times, especially when the Manchus 
were fighting the remnants of the Ming, and both were in arms against the 
popular leader Li Tzu-Chhéng! and the tyrant of Szechuan Chang Hsien- 
Chung?. They constitute a whole genre of literature. For example, Shen Hsün- 
Wei? went with his father to Szechuan in +1642 at the age of five, then later his 
father was martyred by the tyrant, and he spent the rest of his youth escaping 
from manifold dangers, as he tells in his Shu Nan Hsü Lüeh* (Records of the 
Difficulties of Szechuan), by which he meant something equivalent to our 
own +17th-century phrase: ‘battle, murder, sudden death and other inconve- 
niences'. In this book there are many references to gunpowder, gunfire and can- 
nonades. Another writer, Huang Hsiang-Chien?, who described a decade of 
peregrinations escaping from combat zones (+1641 to 51), speaks in his Huang 
Hsiao Tzu Wan Li Chi Chhéng® of ‘hearing the noise of cannon, and seeing the 
distant fire and smoke’.‘ In another place, he says that ‘the sound of gunfire was 
like thunder, shaking the very mountains and valleys'.* Similar descriptions 
come in Pien Ta-Shou’s’ Hu Khou Yü Shéng Chi? (Life Regained out of the Tiger's 
Mouth)! of +1645, a book so called because after having devastated the tombs of 
Li Tzu-Chhéng's ancestors in order to stop his conquests, he actually fell into 
the hands of one of his commanders, but managed to escape therefrom.® 

Nor was the age lacking for inventors, such as Ong Wán-Ta?, who presented 
improved firearms in +1546," while in the same year Chang To" offered pro- 
totypes of four-barrel and ten-barrel guns made of bronze, and capable of a 
range up to 700 paces.! In +1596 the judge Hua Kuang-Ta" presented further 
gunpowder-weapon inventions made by his father There were also great artil- 
lery generals such as Chhen Lin", who was prominent during the second inva- 
sion of Korea by the Japanese in +1597, and fought some decisive naval battles 


* Further information on the early Manchu use of artillery can be obtained from Tanaka Katsumi (7). He 
fixes the first use in +1628, and says that it was very prominent in t 1644/5, but much less so in the war 
against Koxinga (Chéng Chhéng-Kung??), who apparently made little use of field-guns. Tanaka noted that the 
artillery arsenals were always under the Eight Chinese Banners. 

Cf. Struve (1), pp. 346, 362. 

E.g. pp. 44, b, 354, b, 395. 

4 P. 4b. * Fu Chuan, p. 35. f p.65. 
Cf. Hummel (2), p. 741. 

Ming Shih, ch. 92, p. 115. 
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i Ibid. J Ibid. 
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during their withdrawal A typical Fukien warship of this time (paralleling 
those that fought the Spanish Armada at the other end of the Old World) car- 
ried one heavy cannon (ta kung)", one mortar (hu tun phao)*, six large culverins 
(fo-lang-chi)*, three falconets (wan khou chhung)*, and sixty fire-lances ( phén thung)', 
doubtless to repel boarders or set fire to the enemy's sails and rigging, and 
finally a number of shen chi chien', probably arrows shot from guns.’ Another 
Chinese gunner officer who distinguished himself in these campaigns was Lo 
Shih?, who successfully defended Chiang-hua against the Japanese, and re- 
pulsed an attack by 500 of their ships upon the port-town of Phu-khou using 
shore-based artillery." 

The following century also produced some remarkable inventors. We may 
give the life-story of just one, Tai Tzu.? His biography runs as follows:! 


Tai Tzu, whose other name was Tai Wén-Khai^, was a Chhien-thang man from Che- 
kiangJ His remarkable ingenuity appeared even while he was still young. He himself 
made a gunpowder weapon which could hit (a target) at more than a hundred paces 
away. 

In the beginning of the Khang-Hsi reign-period (+1673) Kéng Ching-Chung? re- 
belled in Chekiang, and Prince Giyesu (Chieh-Shu®)* led a government army south 
to overcome the uprising. Tai Tzu as a simple commoner or private scholar joined this 
army, and presented a design for a rapid-fire machine-gun (lien chu huo chhung’).' Its 
shape was like that of a balloon-guitar (pAi-pha?). The gunpowder and lead balls (huo yao, 
chhien wan?) were all contained within the back of the gun, which was opened and closed 
by means of a wheel mechanism (chi lun!®). There were also two parts fitting into each 
other like male and female. If one lever was pulled the gunpowder and lead bullets fell 
automatically into the barrel, whereupon the other mechanism followed suit and moved 
all together (sui chih ping tung). The flint was struck, the spark came out, and the gun 
fired off accordingly. After twenty-eight rounds, the magazine had to be refilled with 
bullets. The design was in principle similar to that of the guns of the Westerners (chi 
kuan chhiang'”). But the weapon was not at that time widely used, and the prototype was 
kept at Tai’s home. This was still in existence during the Chhien-Lung reign-period 
(+1736 to 95). 

When some Westerners presented ‘coiled intestine (helical screw) bird guns’ ( phan 


* Lo Jung-Pang, in Goodrich & Fang Chao-Ying (1), vol. t, pp. 167, 173. 

> Cf. p. 378 above. * Cf. p. 277 above. a Cf. p. 367 above. 

* Cf. p. 321 above. f Cf. p. 232 above. 

# It is not generally known that in +1588 Sir Francis Drake was still firing arrows from his muskets. Even 
as late as + 1693 improvements to this system were still being canvassed. See Blackmore (1), p. 12. 

^ If Parker (9) was right, the Japanese were distinctly backward in fire-weapons at this time, still using 
carton ‘thunderclap bombs’ thrown from trebuchets. 

* Chhing Shih Kao, ch. 505 (Lieh chüan, 292, I shu 4), pp. 55, ба; quoted by Chu Chhi-Chhien, Liang 
Chhi-Hsiung & Liu Ju-Lin (7), рр. go—1 [CCL pt. 7], tr. auct. 

J This is to say that he was born near Hangchow. 

k Kéng was a Chinese, but Giyesu was a Manchu, with the princely title of Khang Chhin Wang.!? The 
former died in + 1682, the latter in +1697. 

' Here follows a long paragraph about Tai's career, which we place at the conclusion of the passage. 
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chhang niao chhiang!) Tai Tzu copied a number of these at the request of the emperor. Ten 
of his make were presented to the Western officials.* 

Tai was also commissioned to design and make a ‘mother-and-son’ cannon (/zu mu 
phao?). It fired a projectile which burst and sent forth other projectiles that all fell down 
upon the enemy (mu sung izu chhu to erh sui lieh’). It was rather like a Western mortar (cha 
phao*), The emperor, accompanied by all his ministers, watched a demonstration of it, 
and honoured the device with the name ‘Awe-inspiring Far-reaching General’ (Wei Yuan 
Chiang-Chiin*). The name and title of the inventor and maker was inscribed on the back 
of the cannon. When later the emperor personally commanded in the campaign against 
Galdan®,° this weapon was among those used to defeat the enemy. : 

Because of (his part in the expeditionary force of Giye$u against Kéng), when national 
authority was restored over the territory, Tai Tzu was given the title of ‘Acting Circuit 
Instructor’ (Tao Yuan Ta Fu Shih®). Returning (to the capital) he had an interview with 
the Khang-Hsi emperor, who recognised his literary ability and examined him on the 
poem ‘Dawn Audience in Springtime’. So he was given a post in the Han-Lin Academy 
as Expositor (Shih Chiang?), and (then), together with Kao Shih-Chhi9,4 was seconded 
to the Nan Shu Fang"! (as one of the emperor's secretaries), and later to the Yang Hsin 
Tien'?* Tai was expert in astronomy and mathematics, but when the Lü Lü Chéng ГЭ 
(Collected Principles of Acoustics and Music)‘ was being edited, his views were not in 
agreement with those of Nan Huai-Jen'^ (Ferdinand Verbiest) and the other Wester- 
ners. So everybody envied him, and was at the same time jealous of him. 

Unfortunately there was a person named Chhen Hung-Hsiin™, who had been a foster- 
son of Chang Hsien-Chung!6,5 but switched his allegiance and became an official under 
the Chhing. This man accused (Tai) falsely, and it came to blows, so the matter was 
taken to court, giving Tai's enemies the opportunity of vilifying him; thus he lost his 
office, and was exiled to Kuan-tung. Later he was pardoned and went home, where he 
stayed at Thieh-ling for the rest of his life. 


Thus was a remarkable talent wasted. How striking it was that when the 
Khang-Hsi emperor saw that he was literate, and called him into his direct 
service, all he could think of was to examine him in poetry. His scientific and 
technical ability was evidently considered quite secondary, and even so it got 


* [hesitate to write ‘ambassadors’ though that is what shih chien? should mean, because in those days there 
were no resident envoys at the Chinese court. But it could be a reference to the Russian embassy of +1693 
headed by the Dutchman E. Ysbrandts Ides (cf. Vol. 4, pt. 3, p. 56); or some other mission of those times. 1f 
not, it must mean some of the Jesuits, who held many scientific offices under the crown. Cf. p. 366 (f). 

> Not a very original name; cf. p. 315 above. | 

* This was the Bushktu Khan of the Sungars (part of the Eleuths), a tribal people like the Kalmuks or 
Western Mongols. He had conquered Sinkiang by +1679, and then fought against the Khang-Hsi emperor 
from - 1689 till his death in +1697. 

* Poet and calligrapher of note (+1645 to 1703), who spent many years as one of the Khang-Hsi emperor's 
private secretaries. 

* The South Library and the Hall of Healing for the Soul were literary institutions at the imperial court. 

f This was eventually issued as part of the Li Li Yuan Yuan"! (Ocean of Calendrical and Acoustic Calcula- 
tions), and finished in +1713. 

= The ferocious tyrant of Szechuan already mentioned (+1605 to 47). 
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him into trouble in due course. One is very much reminded of the story of Ma 
Chün!, the +3rd-century engineer and inventor, which we told earlier on.* 
Even in our own time and in the Western world, four centuries after the Scien- 
tific Revolution, the only avenue of promotion in technical services is all too 
often from ‘blue-collar’ practice to ‘white-collar’ paper-work.^ 

If we look at Tai's inventions in order, we see that the first must have been 
some kind of quick-firing machine-gun. [t was a time when people everywhere 
were trying to make devices of this kind —for example, in Samuel Pepys’ Diary 
for 3 July 1662 we read that the attention of the Royal Society was drawn to a 
‘rare mechanician’ who claimed to be able ‘to make a pistol shooting as fast 
as it could be presented, and yet to be stopped at pleasure, and wherein the 
motion of the fire and bullet within was made to charge the piece with powder 
and bullet, to prime it, and to bend the cock'.* But the problem was not practi- 
cally resolved till +1718, when James Puckle developed his breech-loading gun 
with a revolving set of chambers which could fire sixty-three shots in seven 
minutes.’ Thereafter the line led straight to the multi-barrel ‘pepper-box’ pistols 
and revolving ‘coffee-mill’ guns of Ethan Allen (1837) and others,;? thence to the 
Gatling gun of the American Civil War (1962)! and the Maxim gun of 1883.8 
Chinese antecedents for Tai Tzu's efforts are easy to find, for we have already 
described (pt. 6 (е), 2, iv) the magazine crossbow, widespread in +16th-century 
Ming use, as also (pp. 263—4) the magazine eruptor, which may well have been 
common considerably earlier, indeed back to +1410 or even +1350. All the 
same, we should very much like to have further details about Tai Tzu's guitar- 
shaped machine-gun." 

The second of his exploits is more difficult to pin down, but it could have been 
some kind of screw-chamber breech-loader.! If it was a variety of musket, as one 
might at first sight suspect from the name ‘bird-gun’ a screw of one sort or 
another was evidently involved.* Here rifling would not come altogether amiss. 


* Vol. 4, pt. 2, рр. 39 E 

> Yai 'Tzu's engineering skill became legendary. A century or more later, Ling Yang-Tsaa averred that 
Verbiest had tried to cast cannon for a year without success, while Tai Tzu, when called upon by the emperor. 
succeeded in eight days; Li Shao Phien, ch. 40: (p. буо). They were certainly contemporaries and knew each 
other, so Tai probably knew. Verbiests cannon-foundry too. Earlier, Ling says that Tai made fo-(áng-cht: 
breech-loaders, which is not at all impossible, but he ends by garbling the third exploit of the. shell-firing 
mortars. 

*: (т), Everyman ed: vol. t. p. 271, noted by Hall (5), pp. 358-9. Cf. Birch (0, vol. 1, p. 396. 
Cf. Reid (1), pp. 161.1. €. lbid. pp. 205-6. T dbid.pp.a2:id 
Ib.pp.236-1,245. ` 
Another forerunner was the magazine musket {йен ize сита?) described by Chhi Chi-Kuang in +1560 
(see CHHS, ch. 15. porra, бу and later PL, ch. 12, р: 305). An iron side-tube was arranged to feed lead bullets 
into the barrel. But Chhi regarded the gun as complex. and unreliable, so he only included it, he said, for the 
sake of completeness. 

! Cf p.366 Cf) above. + С p. 432 below. 

® CE Vol. a pi z:p. 121 and Кєз, kom STTH. Chhi yung sect. ch. 8, р, ба (+1609). As Horwitz (6) 
noted, chis was an early illustration of the screw-thread in China, for the screw was not indigenous there (Vol. 
t, pp- 241,243). See also: Fig. 171 below. 
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The rotational stabilisation of a projectile's flight by endowing it with a spin, 
due to spiral grooves contrived inside the barrel, may go back to Leonardo.’ and 
in any case began to be fairly frequently used by gunsmiths from about 4- 1500 
onwards.? A number of examples have survived from the second half of the 
* 16th, and from the following, century. These however were sporting guns, and 
general military use did not come in until the American War of Independence, 
from the late + 18th century onwards." Still, it is not at all impossible that rifling 
was what interested Tai Tzu at this point; the text says ‘bird’, not ‘bird-beak’, so 
it might well refer to the use, rather than to the shape of the cock or butt, hence 
perhaps the presentations to the ambassadors or officials, to please them in their 
fowling * 

The third and last of his designs was fairly clearly a shell-firing cannon, for the 
projectile burst and released other projectiles, falling down like the shower of 
sparks from a firework rocket. Shells had been known in Europe since the 
+isth-century Feuerwerkbuch, probably of +1437, and they are also described in 
Valturio’s De Re Militari of +1460.. Moreover, we met with them already in 
China in connection with eruptors (p. 264, cf. p. 317), which would take them 
back to the +15th, if not the +14th century; and they were only a logical de- 
velopment from the ‘thunder-crash’ bombs with iron casings (p. 170 above), 
which were older still. It was only to be expected therefore that people in China 
should by this time (late -- 17th century) have been experimenting with shells. 
They finally carne into their own in a memorandum addressed to the emperor by 
Lin Tsé-Hsii' in 1846, entitled Cha Phao Fa?! But it is interesting (and certainly 
not generally known) that shells or shrapnel of some kind were used by Khang- 
Hsi’s artillery in the war against the Eleuths at the end of the seventeenth 
century. 

Mention of the period of the Opium Wars’ reminds us that an important 
gun-founding invention was made at this time by a pioneering Chinese engineer, 


Kung Chen-Lin?, some thirty years before its adoption in the West.” This was 

* Cf. Partington (5). p. 175. In the Codex Adaaticus. 

^ Reid (i), рр. #12-13, 143. Certainly by +1540 (Blackmore (1). рр. gois) 

* Reid (1), pp. 167, 209. 

^ Ling Yang-Tsao, in his Li АЛао Phien, ch. фо fp. 650), dates the event at + 1676, in which case the embassy 
would have been the Russian one headed by the Rumanian (Moldavian) scholar, Nikolaie Spátarul Milescu. 
On this see Cordier (1), vol. 3. p. 271, and Vol. 4; pt. 3 above, p. 149, with refs. 

* Partington (5), pp. 149, 157. 164-5. 

© Hai Kuo Thu Chih. ch. 87, p. ба, b, abridged tr. Chhen Chhi-Thien (t, p. ту. This date was intermediate 
between Mercier's use of improved shells at the siege of Gibraltar in + 1789 and Shrapnels eponymous inven- 
non of 1852, Cf. Reid (1), p. 182. 

* А number of Chinese cannon of this period (1841), cast under the superintendence of the Governors Yen 
Po-Thao* and Liu Hung-Ao*, are preserved inside the western wall of the campus of Amoy. University; they 
have been described by Chéng Té-Khun (28. 19). Tt is not generally known that Wang Thao$, the famous 
£ollaberator-of James Legge, wrote a book rather later оп, the- Tshao Sheng -Yao- Lan! (important Factors-for 
Gaining Victories) on cannon, cannon-founding and boring, the manufacture and use of gunpowder, etc. 

* Chhen Chhi-Thien (1), p. 43. A biography of Rung is given in Chii Chhi-Chhien, Liang Chhi-Hsiung & 
Liu fu-Liu (5) (CCL. pc 7], рр. gat. : 
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the casting of iron cannon in cast-iron moulds (1845), as described in his Thieh 
Mu Thu Shuo! the following year.* Rather earlier, about 1830, a Japanese metal- 
lurgist named Sakamoto Shunjo? had described cannon-founding in his Тағһо 
Chizoho*, with illustrations in traditional style, showing tatara bellows? and the 
boring of the barrels, but his moulds were still of sand.* 

Kung Chen-Lin's invention was all the more piquant in that cast-iron moulds 
for making iron tools had been known and used in China anciently,? as the 
— 4th-century finds from Hsing-lung in Jehol bear witness.* Such moulds are in 
wide use still today, since they have the advantage of producing a chill casting 
with increased hardness and resistance to wear. To avoid any risk of adherence 
of the casting to the mould, a dressing of plumbago or lamp-black is usually 
applied, but this is probably not essential as long as the volume ratio of mould to 
cast metal is sufficient to avoid undue mould heating and damage. This was an 
astonishingly high development of metallurgical technology for the Warring 
States period, and it was remarkable that it should have appeared again at the 
other end of history." Afterwards the same process was announced in 1873 by 
three inventors simultaneously, Lavrov in St Petersburg, Uchatius at Vienna, 
and Rosset at Turin. Of course, cast-iron moulds or ‘coquilles’ had been used for 
casting iron cannon-balls in Europe from +1514 onwards, a practice seemingly 
introduced by Francois Gilbert of Dijon.’ The rapid cooling of the surface-layers 
gave the skin a white (ferric carbide) quality, hardening it and increasing its 
efficiency of fragmentation." But this was a much simpler matter than the casting 
of cannon themselves. 

There is one last brilliant innovation which calls for description here, and that 
is the use of telescopic sights with artillery, or perhaps it would be better to call 
them spotting telescopes. Knowledge of this arose when we discovered in the Wu 
Hsien Chih* (Local History and Geography of Suchow) a remarkable account of 
two ‘optick artists’ of that city— Po Үй? (active between - 1628 and +1644) and 
Sun Yün-Chhiuf (active between +1650 and +1660). Of Po Үй it is said that 


in the Chhung-chén reign-period [+1628 to +1643], when the rebels invaded An- 
Chhing? [i.e. Anhui province] the Provincial Governor Chang Kuo-Wei? commissioned 
Po Үй to cast bronze cannon. These had a range of 30 li, and whenever they were shot 
off they did great execution, because (the gunners) had telescopes (chhien li ching’), which 
showed just where the enemy had concentrated his forces/ 


This also was reprinted in Hai Kuo Thu Chih, ch. 86, pp. taf. 
Cf. Vol. 4, pt. 2, pp. 372 f. and Needham (32), p. 19 and figs. 32, 33. 
Repr. in NKKZ, vol. 10, no. 4, p. 463. 
Centuries before Europe knew anything about cast iron at all. 
Figured e.g. in Needham (32). figs. 4-8; cf. p. 6. The effective publications were those of Chéng Chen-To 
(1) and Chéng Shao-Tsung (7). Chéng Chen-To (ғ) was clear that the moulds were used for casting iron 
implements. 
f [tis almost certain that Kung Chen-Lin did not know of his ancient predecessors. 
= Sec Johanssen (3), р. 1463 (4). ^ Evrard & Descy (1), p. 254. 
і 15 km. was surely an over-statement. 
і Ch. 758, Lieh Chuan, і shu; tr. Needham & Lu Gwei-Djen (6), pp. 114, 122. 
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These rebels must have been the revolutionary peasant armies under Li Tzu- 
Chhéng!, which eventually succeeded in overthrowing the effete government of 
the last Ming emperor, and capturing Peking; only to be defeated in their turn 
by the general Wu San-Kuei* who opened the gates to the Manchus from the 
north with the intention that they should help him to recover the country for the 
Ming. As history so well knows, they took over the empire for themselves. 

Po Үй had other connections with military technology, for he made explosive 
mines (£i lei’) and spring-trap guns (ti пи“), both said to be very effective. As for 
the younger man, Sun Yün-Chhiu, he was also a maker of telescopes, as the Wu 
Hsien Chih records, but there is no reference to his use of them in a military 
context. However, he wrote a book on optical instruments with the title Ching 
Shil?, though it seems never to have got into print.? 

Po Үй may actually have been one of the several inventors of the telescope,” 
but in any case he deserves much credit for applying it to gunnery, and that 
must have happened about +1635. This seems to precede by some time any 
similar application in Europe, though Galileo in + 1609 was already aware of the 
possible use of the telescope in naval warfare, as he demonstrated in a famous 
incident to the high officials of the Signoria in Venice. Later in the same century 
optical sights were proposed by the Jesuit Francesco de Lana, in his Magisterium 
Naturae et Artis of +1684; and the application of a four-lens telescope to a gun 
was described in the Oculus Artificialis Teledioptricus of Johann Zahn in +1702.° 
After that, telescopic sights figure throughout the + 18th century, and Frederick 
the Great in his diary recorded trying one at a Schützenfest in +1737. By the 
mid-nineteenth century they were commonplace.’ But the first date after 
Galileo's forecast of what the telescope could do in war remains the time when 
Po Үй introduced his optical equipment for artillery in China, +1635. It was 
certainly a memorable day. 

Of the skill and gallantry of Chinese gunners through the ages nothing has 
been said, and perhaps a history of technology is not the place for it. But we 
cannot forbear from quoting a couple of statements from Lt Ouchterlony, a 
Scottish soldier who wrote an account of what he saw during the Opium Wars. 
For example:* 


In the earlier period of the war in 1840, Her Majesty’s brig Algerine, commanded by Lt 
Mason, was on her way to the mouth of the Yang-tse-kiang, in company with the Conway 
frigate, and paid a flying visit to the port of Chapoo, upon which occasion a fire was 
opened upon her from some works near the town, which was well sustained for some 
time, during which the coolness and steadiness of the Chinese gunners excited much 
applause from the officers and crew of the brig. But the Algerine, having anchored with 


* Interestingly, his mother wrote a preface for it, but nothing has survived. 

> Like Leonard Digges, G. B. della Porta and Johannes Lippershey. 

* Reid (1), pp. 154-5. 

4 Today they are applied to anti-tank rocket-launchers; cf. Reid (1), pp. 215, 258. 
* (1), pp. 268-9. 
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her broadside bearing оп the battery which annoyed her, shortly silenced its fire, and 
having fulfilled the object of examining the sea defences of the place, made sail for her 
point of rendezvous. 


And again, with reference to the bombardment of the batteries of 'Ko-lang-soo':* 


The engagement was a fine spectacle, but beyond the picturesqueness of the scene 
afforded no point worthy of comment, save that it furnished strong evidence of the excel- 
lence of the Chinese batteries, upon which the fire of the seventy-fours, though main- 
tained for fully two hours, produced no effect whatever, not a gun being found disabled, 
and but few of the enemy killed in them when our troops entered. The principle of their 
construction was such as to render them almost impervious to the effects of horizontal 
fire, even from the 32-pounders of the seventy-fours, as, in addition to the solid mass of 
masonry, of which the parapets were formed, a bank of earth bound with sods had been 
constructed on the outer face, leaving to view only the narrow mark of the embrasure. 


Gii) Shields, ‘battle-carts’ and mobile crenellations 


In Figs. 152 and 153, taken from the Thai Tsu Shih Lu Thu, we have already seen 
pictures of the shields, presumably of iron, which protected the men who worked 
the field-guns, mostly on the Ming side, during the first quarter of the +17th 
century. But shields adapted to the uses of fire-weapons did not begin with guns 
and light cannon, they began with fire-lances (cf. pp. 236 f. above). 

This we know from an item called the ‘mysteriously-moving phalanx- 
breaking fierce-flame sword-shield’ (shen Asing pho chen méng huo tao phai')—a 
rather enigmatic description the meaning of which will in à moment be clear. In 
the Huo Lung Ching we read:* 


The apparently automotive fierce-flame-spouting® shield for use with cutlass-wielding 
soldiers to destroy enemy formations, is covered with fresh ox-hide. In it are concealed 
thirty-six (fire-lance) tubes, containing magical gunpowder, poisonous gunpowder, 


* Ct), рр. 174-5. 

* Pr 1, ch. g p. 22, b. The same illustration and description occurs again in ВРС, ch. 129, p. гга, b. The 
only words added there appear in square brackets. 

© A strict interpretation of these words would mean Greek Fire petrol (p. 86 above), but one might hesitate 
to insist on this. They could of course imply that shields of a similar kirid had been used with petrol flame- 
throwers two or three centuries earlier. On the other haud, these devices may have been in use much later than 
we usually think; after all, we liave séen.a depiction (Fig. 8; ofthe ‘fierce fre. oil machine’ in an encyclopaedia 
of +1699. 

Tn general we can hardly talk of shields without recalling the armoured iron-clad roofed-over spike-studded 
combat ^turtle-ships" (hue? chhnant Yol Admiral Yi Sunsin’; so successful against the Japanese invasion of Korea 
in Жидда СЕ Vol. 4. pt 3. РР. 6848. and Fig. гозо; as well as Pak Hae-ill (7), In. (2). pp. 33—4 he figures (from a 
contemporary painting on a porcelain jar) the prominent animal heads at the bows of these ships, and suggests 
that sulphurous fumes’ were poured forth from them. One wonders whether they were not rather relict Greek 
Fire petrol flamethrower? If this was so, the ‘siphon’ of the Byzantine navy would have lived again. In any 
сазе, à contemporary Japanese source, the Karai Sensenki^, records that incendiary rockets. (hive?) were fired 
from the turile-ships, and did mach damage to the Japanese war-vessels. 


+ FT BEM Ek Л! ET ‘eee SEPRE 


30. THE GUNPOWDER EPIC 415 


blinding gunpowder, and bruising and burning gunpowder? [six tubes of each]. Coiled 
slow-match is held by each man in the formation (to light the fire-lances as may seem 
best). When two opposing armies are confronting one another, at the sound of a maroon 
signal, the shields are rolled forward into action, and when they spout fire, the flames 
shoot 20 or 30 ft forward. One group of men in armour on the left hand work the shields, 
while another group on the right wield their cutlasses. They aim to decapitate the 
enemy soldiers, and to cut off the legs of their horses (during the confusion caused by the 
flame-throwers). One single one of these shields is in itself worth ten brave soldiers. 


This may be considered fairly archaic, but the fact that it comes in the oldest 
stratum of the book means that it must belong at least to +1412, and most 
probably to +1350 or before. Fig. 158 shows the usual tiger face but no obvious 
means of movement, yet the verb kun!, ‘rolled’, used in the text, indicates that 
the whole weapon was mounted on some kind of mobile stand, probably a two- 
wheeled barrow pushed by the fire-lance operators. 

Actually the mobile shield had a long history going back before the time of 
guns and cannon if not of fire-lances. Wei Shéng’, a Sung general already men- 
tioned (p. 157) made in +1163 many hundreds of shielded vehicles, pushed or 
drawn by hand, which could be parked in defensive arrays to protect encamp- 
ments and strategic positions. Some of these carried trebuchets hurling stones 
or weak-casing gunpowder bombs, while others bore multiple-bolt arcuballistae 
with two or three springs. Others again could transport personal armour and 
munitions.? 

Indeed one can trace the laager tactic far back in Chinese military history. 
The ‘deer-horn cart camp’ (Ju chio chhé ying’) may perhaps be as old as the 
Warring States time with Wu СА? (d. — 381); but it was certainly used in the 
+ rd century under Ma Lung? There may well have been also some relation 
with the ‘mobile city-walls’ (Asing chhéng’) mentioned in the Mohist military 
chapters, as also with the watch-towers mounted on carts which patrolled the 
frontiers of the Han. 

By the + 716th century there had been a great development of shields, though 
they were still made of wood. The celebrated general Ghhi Chi-Kuang® (+1528 
to +1588) based much of his tactics on what we may calf ‘battle-carts’ which 
carried protective screens and could be formed into a laager, as seen in Fig: 159 
taken from his Lien Ping Shih Chi (4-1571).? These large two-wheeled carts were 

* On these forms of gunpowder see р. 130 above, 

* The passage (Sung Shih, ch. 368, pp. 155, 164) is.given in transiauon by. Prüsek (4), pp. 2 
Czech himself, was inspired by the resemblance to the Wå agenburg of the Hiissites (pp. 276— 


below. Unfortunately, he translated hao as ‘piéce’. presumably 'd'artillerie', instead. of trebuchet Hoivever, 
the main thrast of his paper was against true guns ог cannon.at that time. 


© Chih Shu, ch. 57, p. за; Yang Hung (1), рр. 92-3; and Boodberg (5), pp. 2, 6, ianslati ng from a source 
supposedly Thang. The name obviously derived from the fact that all sides bristled with defences when the 
vehicles formed a circle or a square. : 


* Tra chi sect... ch. 6; pp. 86, ge. 
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Fig. 158. A mobile shield for fire-lances, from HLC, Pt. т, ch. 3, p. 2a, therefore at least as early as + 1350 and 

probably used long before that. It is the ‘mysteriously moving phalanx-breaking fierce-flame sword-shield’ 

(shen hsing pho chen méng huo tao phai). The fire-lances are stated to contain the usual rocket-composition (low- 

nitrate) gunpowder, but the title suggests a Greek Fire flame-thrower behind the shield. This last must have 
been mounted on wheels, and was certainly accompanied by swordsmen on either side. 
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which muskets or breech-loading cannon could be fired. 


TC), ch. 6, pp. 86, ga. Each battle-cart was two-wheeled and had 


form a continuous defence, through 


ger or Wagenburg, from LPSC ( 


Fig. 159. Chhi Chi-Kuang's + 16th-century laa 
shield-screens which could be folded out to 
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Fig. 160. A single two-wheeled Battle-cari; from Chhé Ching Thi, p. 60 (+1585). 


drawn by mules, and carried screens which could be folded out to a length of 15 
ft, thus forming a continuous battlement, only the hinged ends of each allow- 
ing for the ingress or egress of defending soldiers whether on foot or mounted. 
Twenty men were assigned to each battle-cart, ten of them manoeuvring it into 
place and firing the muskets or breech-loading fo-lang-chi culverins which it 
carried,* the other ten forming an assault team with close-combat weapons.? 

* da many of the picttires which we reproduce divean be seen how the wait-of a fieid:gua developed from the 


shafts of the two-wheel barrow оп which it was originally borne. 
©. А good account of Chhi's methods is given by Huang Jen-Yà (3); pp. 1798. 
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Fig. 161. Breech-loading cannon with ridged barrel, the two-wheeled barrow on which it was mounted, and 
three of its culasses or chambers; from CCT, p. 35. Intended to form part of die Wagenburg of battle-carts 


A closer view of one of these battle-carts is given (Fig. 160) in a slightly later 
book, the Ch&é Chhung Thu! (iustrated Account of Muskets, Field Artillery and 
Mobile Shields) dating from about +1585. In Fig. 161 we see а breech-loader, 
the barrow on which it was carried, and three of the chambers (here called izu 
phao*) for the charges and projectiles. Finally, Fig. 162 shows two of the screens; 
with some men ready to shoot off their muskets, while others get ready to fight 
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Fig. 162. Screens with soldiers behiad them ready to fire off their muskets, or preparing to fight with swords; 
from CCT, p. 75. 
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with swords.* We have already seen one or two illustrations from Chao Shih- 
Chén's! book, in Fig. 56 above, for fire-lances were still in use in his time, con- 
temporaneously with the siege of Malta. The book by Chhen Phei? must belong 
to this same date, as one can see from its title Huo Chhé Chen Thu Shuo? (Illus- 
trated Account of the Formations in which Mobile Shields can be used with 
Guns and Cannon) ^ 

A rather different tank-prototype can be seen in some of the illustrations in the 
Thai Tsu Shih Lu Thu of +1635, namely mobile ramparts borne on two wheels 
and pushed by two men using four poles, with a platform on which a couple of 
musketeers could fire through crenellations (Fig. 163). This picture shows the 
defeat of the troops of Tung Chung-Kuei* by Nurhachi's men, but the former 
are not visible, and the platforms are in the act of being overtaken by the Man- 
chu cavalry and mounted archers. By now the Manchus too are using muskets.* 

Lastly a word must be said about the ‘rapid thunder gun’ (hsün lei chhung$) 
described in the Shen Chhi Phu! of +1598, also due to Chao Shih-Chén. Five 
barrels were fixed through a round shield, with a rotating stock in their midst 
which would bring the serpentine into five separate positions for touching off 
each barrel in turn (Fig. 164). This ribaudequin itself is seen in an accompanying 
picture (Fig. 165). While firing, this multiple matchlock musket rested on the 
handle of an axe fixed in the ground, and the end of the stock took the form of a 
pointed spear, so that the soldier could defend himself with these weapons if the 
worst came to the worst. The barrels were only about 2 ft long, and each one was 
provided with its own fore-sight and back-sight. A model reconstruction is seen 
in Fig. 166.* This arrangement is very reminiscent of the discoidal pistol-shields 
used by Henry VIIT's bodyguard and now іп the Tower of London Armouries 
(Fig. 167), each shield having only one matchlock barrel at the centre. 

This discussion of shields has taken us into the territory of small arms such as 
muskets, as well as that of field-guns and artillery. We must now turn our atten- 
tion briefly to the former subject in particular. 

а The laager tactics of the +16th-century Chinese armies are irresistibly reminiscent of the methods of the 
great Hussite general Jan Ziska in Bohemia and Germany during the first half of the +15th. The ‘battle- 
wagons' which carried cannon as well as folding ramparts of oak, and linked up to form a defensive square, 
circle or triangle upon the word of command, brought the Hussites and Taborites great success for many years; 
cf. Oman (1), vol. 2, pp. 361 Ё.; Delbrück (1), vol. 3, pp. 497 6; Denis (т). But the inspiration for the Wagenburg 
seems to have come from Russia, where the goliaigorod or movable city had heen known and used long before. If 
this was so, could it not have been originally Mongolian? Perhaps further research will show that the ideas of 
Ziska and Chhi Chi-Kuang had both the same root. 

Hall (2) says that the MS of the ‘Anonymous Hussite’ dates not from + 1430 as usually thought, but consists 
of two parts, dating from +1470 and +1490 respectively, therefore after Taccola and Fontana. But this does 
not affect the present argument. 

^ In Wang Ming-Hao's Huo Kung Wén Ta of c. +1598 too, much is also said of gun-carriages and mobile 
shields forming laagers (pp. 1306 ff.). 

* Another illustration in ch. 6 also shows these platforms, depicting the defeat of the Ming troops of Chhen 
Tshe. 

d P. 22b. * By Mr S. Videau of Brisbane, Australia. f Reid (1), p. 107; Blackmore (4), p. 14. 
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Fig. 163. Mobile crenellated rampart platforms used by the Manchu troops (musketeers now as well as 
archers) in their defeat of the Ming brigade under Tung Chung-Kuei, c. +1620. From TTSLT, (no. 8). 
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Fig. 164. The ‘rapid-fire thunder gun’ (Asün lei chhung), a five-barrelled ribaudequin fired by a Ming gunner 
protected by a shield. From Shen САМ Phu, p. 22b (+1598). 


30. MILITARY TECHNOLOGY 


424 





ат 
ы > rd 





ж wf eh ok nd T EE T А 

© e 
SERE RO Mao ss | ГЗ \ 3 
эщ smi m e E YX | e eo 


ELM teal Ea Ke Ki 
DEUS TIE CE 











165. Detailed view of the same weapon 


Fig. 


also from SCP. A rotating stock in the midst of the barrels 
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Fig. 166. Model of this ribaudequin and shield made by S. Videau of Brisbane. 


(18) Later DEVELOPMENTS IN HAND-GUNS; THE ARQUEBUS AND 
THE MUSKET 


(i) Matchlocks, wheel-locks and flintlocks 


Before taking a brief view of the later history of portable fire-arms in China it is 
well to be clear about what happened in Europe, between the simple hand-guns 
of the +14th and +15th centuries, and the era of the cartridge and percussion- 
cap from the end of the +18th century onwards. This was the period of the 
arquebus and the musket. The simplest hand-guns, which go back in China, as 
we have seen (p. 294) into the last decades of the +13th century, consisted 
of nothing but the muzzle-loaded barrel, the touch-hole for the slow-match, and 
a socket with a wooden handle (the tiller) fixed into it. They must have been 
exceedingly difficult to hold, aim, and ignite effectively, all at the same time; so 
that from about +1400 a Z- or S-shaped lever (the serpentine)* was pivoted in 
the stock (which now began to be shaped to fit the shoulder) in such a way as to 
bring the burning slow-match (which it held in its jaws) near to the touch-hole 
(or priming-pan, filled with gunpowder, just above it). The oldest depiction of 
this dates from +1411. All the technical terms are a little vague, partly because 


* See Blackmore (1), p. 9; Reid (1), pp. 58-9. This was the origin of all triggers. 
^ Hence the idiomatic expression ‘a flash in the pan'—just that and nothing more. 


426 30. MILITARY TECHNOLOGY 





Fig. 167a. An example of parallel thinking in the + 16th century; a shield of wood faced with steel and contain- 
ing a matchlock pistol at the centre, said to have been carried by the bodyguard of Henry VIII, c. +1530 to 
1540. Photo. Tower of London Armouries. 


their contemporary use fluctuated like that of all pre-modern terms, and partly 
because of the variable uses of modern gun historians; but ‘arquebus’ belongs 
somewhere here, though in fact the name arose, with all its variants (such as 
hackbut, hargabush, etc.) from the German Hakenbüchse, i.e. a hand-guin with a 
hook-like projection or lug on its under surface, useful for steadying it against 
battlements or other objects when firing.* 


* [t thus had nothing to do with Latin arcus or arcuballista, as some +17th-century etymologists thought. 
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Fig. 1675. Rear view of the pistol shield (photo. Tower of London Armouries). Cf. Reid (1), p. 107; Blackmore 
(4), P- 14- 


Although the match was thus held in a holder, and moved to ignite the charge 
at will, the true matchlock* had not yet been born. The ingenuity of the lock- 
smiths was still needed to fashion it,’ and this they effected from about +1475 
onwards. The smouldering match was now held by some kind of vice at the head 
of a curved lever called the соске (which could face either forwards or backwards 
according to the design), and which was connected with the trigger by a series of 


^а See Blackmore (1), pp. rof. (4), pp. 12 f£; Reid (т), pp. 60—1, 122, 134-5; Pollard (1), pp. 6ff. 

^ On the locksmith’s art see Vol. 4, pt. 2, pp. 263 ff. Hall (5), р. 354 well emphasised the close relation of 
gun-locks to door- and coffer-locks, with their frame-plates, springs, levers and fixing-pins. One would like to 
know more about the social relations of musketeers and locksmiths at that time. 

* Hence the idiomatic expression ‘going off at half-cock’, for forcible—feeble actions. 
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detents, working in many different ways, but generally including springs, sear 
levers,? tumblers, notches, lugs and the like. By about +1575 a trigger-guard 
was often added. The earlier form was known as a snap-matchlock because the 
cock was forced down on to the priming-powder by a spring; the latter, safer 
form, or sear-matchlock, had a spring which held the cock back until the trigger 
was pulled and a catch dislodged. In the - 16th century matchlock muskets 
were heavy, weighing up to 20 Ib., and had to be fired from a rest, i.e. a wooden 
pole with a Y-shaped piece of iron at its upper end. 

The matchlock system lasted on a very long time, as we shall see, but it was 
deeply unsatisfactory if only because of the problem of keeping the slow-match 
(generally a hempen rope saturated with saltpetre) glowing in damp or wet 
weather. 'This was therefore thrown aside in favour of striking a spark each time 
from flint and steel. Two systems came into existence almost but not quite con- 
temporaneously, first the wheel-lock from about + 1530 onwards,” and then the 
flintlock from about +1550 onwards. In the wheel-lock* a V-shaped spring was 
connected by a chain to the spindle of a wheel, which, on being released, rotated 
very like that in a modern cigarette-lighter, and struck sparks from a piece of 
iron pyrites held in the jaws of the cock.? Since there was no small danger that 
one would lose the key for winding the mechanism up again, a rack-and-pinion 
device was presently developed to give a self-spanned wheel-lock.* But the 
wheel-lock system was always rather costly, sometimes including as many as 
fifty separate components. | 

As for the flint-lock musket," it did away with the wheel, and arranged for the 
cock to hold a flint (in its screw-jaws) which came down upon a piece of steel, 
and ignited the powder in the priming-pan by the sparks so struck off.8 We can 
now use the word ‘musket’ without hesitation" because it came into use first 
about +1550, and lasted on into the nineteenth century The piece of steel (also 
called hammer, battery or frizzen) could be in one unit with the priming-pan 
cover, and knocked aside by the cock as it descended; or it could be separate 
from it, and these latter types have today the name of snaphance musketsj 
though in former times this term applied to both. These arrangements, like those 

а Sear or sere implies locks and bolts, from OF serre, serrer. 

> Allegedly +1517, but however this may be, Leonardo da Vinci was making drawings of flint-and-steel 
gun-locks as well as tinder lighters by about +1500. Of course the idea took time to spread. See Blair (1). 

© See Blackmore (1), pp. 19 f. (4), pp. 29 f; Reid (1), pp. 92 Є; Pollard (1), pp. 19 ff. 

By a screw-tightened vice, interesting because it was a second application of the screw principle in fire- 
arms. The first had been the screw-in breech (p. 436). A third seems to have appeared in China (cf. p. 410 
СЯ rack-and-pinion appears again, also in a different context (р. 446 below). 

f Sec Blackmore (1), pp. 28 f., (4), pp. 61 Ё; Reid (1), pp. 116-17, 125 f., 128, 141—2, 146, 148; Pollard (1), 
PR к э (4), р. 61 has pointed out, the French word for any gun, fusil, comes from the Ital. focile, 
meaning a piece of steel for striking sparks from flint, cognate with Lat. focus. 

^ The name originated from Ital. moschetto (sparrow-hawk), a word allied to mosquito, from Lat. musca, a fly. 

| They were still being made in Napoleonic times, e.g. 1810 (Reid (1), рр. 168—9), and for tripwire spring- 
guns cven later (ibid. p. 185). 


J From Dutch snaphaan, Ger. Schnapphahn, the action of a pecking hen, so similar to the motion of the cock as 
it descended. 
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of the wheel-lock, were a considerable help against rain or mist, and as the 
flintlock was a good infantry weapon, it completely displaced the matchlock by 
+1725 or so. In a similar way, the wheel-lock had been the limiting factor for 
cavalry pistols and carbines, as was seen in the English Civil War of the mid- 
seventeenth century.? 

Of course all the weapons we have been discussing were muzzle-loaded, and 
the application of the breech-loading principle to portable firearms came about 
only slowly.” True, Leonardo had sketched an arquebus with a screw-on cham- 
ber in the Codex Atlanticus, but the idea was not very practical, and the first 
breech-loaders were wheel-lock guns of about +1650, In these the barrel un- 
screwed, hence the name ‘turn-off’ muskets. Only in China, so far as we know, 
were chambers like those of the fo-/ang-chi culverins applied to portable guns 
(p. 380 and Figs. 143, 144). All this meant that the matchlock and even the two 
spark-producing types were very slow in firing, one round in 5 to 15 minutes 
depending on the skill or clumsiness of the musketeer.* Of course this could be 
compensated by having large numbers of them, like the 10,000 at the Battle of 
Nagashino! in Japan in 4 1575.2 


(ii) The musket in China and Japan 


What happened with artillery now happened with portable firearms too; the 
improved devices of the Western world were transmitted, and in more ways than 
one, to the Chinese culture-area. The usual view has been that matchlock mus- 
kets of Portuguese origin were acquired by the Chinese military from Japanese 
pirates (wo khou’) on their coasts about +1548. Indeed, Chhi Chi-Kuang says so 
clearly." These raids were very severe throughout the forties and fifties of the 
century; in +1546 and +1552 much of Chekiang was devastated, in +1555 
Suchow and Nanking were besieged, and in +1562 there was much fighting in 
Fukien.' Evidently we need to take a close look at how the Japanese themselves 
had acquired these muskets. 

It seems historically established that in the year +1543 two Portuguese 
adventurers were shipwrecked on the island of Tanegashima’, just south of the 
southernmost tip of the Japanese mainlands.5 We can identify the name of one of 


* Among the many later elaborations of the flintlock was the single-set or hair-trigger, set by pushing it 
forward, so that an extremely slight pull would set the levers and springs in motion to bring down the cock and 
fire. Pistols of this kind, used in the celebrated duel of 1804 between the two American politicians Aaron Burr 
and Alexander Hamilton, explain what then happened (Lindsay, 2). 

> See Blackmore (1), pp. 58. (4), рр. 147 f. © Nef (1), p. 32. 

4 СЕ Perrin (1), pp. 19, 98; Turnbull (1), pp. 156 ff. 

© Lien Ping Shih Chi (Tsa Chi), ch. 5, p. 225 (p. 239). This was in + 1568. Cf. Huang Јеп-Үё (5), рр. 165, 250. 
Lang Ying, іп Chhi Hsiu Lei Kao, ch. 45 (р. 662) makes the same statement, perhaps rather earlier, say +1558. 

f Cordier (1), vol. 4, pp. 60-1. 

E The best account is that of Arima (1), pp. 615 Ё. Cf. Boxer (7), pp. 26-8; Perrin (1), p. x. The earliest 
Portuguese version, that of Fernao Mendes Pinto in +1614 (see Vol. 4, pt. 3, p. 535) is considered to be partly 
fictional. 
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them, Kirishitadamóta!, as Christopher da Mota;* the name of the other re- 
mains only in Japanese, Murashukusha?.? The matchlocks which they carried, 
explained and demonstrated," interested greatly the lord. of the island, 
Tokitaka*; and largely through his efforts only a few years passed before the 
japanese smiths were able to make such muskets themselves.? At first they were 
called by the name of the island, but soon the expression ieppo® (thieh phao*) 
became universal. All this information comes to us partly from an almost con- 
temporary source, the Teppd-ki’ (Record of Iron Guns)* written by a monk, 
Nampo Bunshi?, in +1606 though not printed ull + 1649. Exactly a hundred 
years earlier than this last date the great unifier Oda Nobunaga’ had ordered 
300 matchlock muskets for his army,® and in +1560 at the siege of Магипе a 
Japanese general had been killed by a matchlock bullet." The weapon was thus 
by this time well established in the country. 

The two Portuguese have earned a certain immortality, but one should not 
assume that their guns were the first which the Japanese had ever seen or 
known. There is some evidence that hand-guns in small numbers reached Japan 
from China during the +15th century; and a well-authenticated case is the 
presentation of a thieh phao* to a feudal lord in +1510 by a Buddhist priest re- 
cently returned from China.* By this time a hand-gun would be far more likely 
than a cast-iron bomb. It is interesting that the lord in question was Hojo 
Ujitsuna!, a doughty warrior and general but also a great proponent and 
establisher of peace throughout his extensive domains. 

But how sure is it that the muskets of the Chinese were derived from Japan? 


* Or perhaps "the Christian’, since his chief given name seems to have been Antonio. 

^ The Deshima Museum at Nagasaki identifies three names: Antonio da Mota, Francisco Zeimoto and 
Antonio Peixoto. 

* By the aid of a Chinese interpreter, known to us only as Gohd.* 

4 The first of these was probably Yasaka Kinbei Kiyosado*, an artisan metal-worker iu the service of 
Tokitaka himself. 

# Tr Kikuoka Tadashi (1); Cf the book of Hara Fomio (2). 

T- See’ Douis-Frédéric (1); pp. 172—3; Boxer (7), loc. cit; Arima (2), p. 617. A full-page illustration of a 
musket from this book is reproduced by Arima, op. cit. fig. 273, p. 635. 

* Ie will be remembered that after the seemingly endless wars between the feudal principalities during the 
Age of Strife (Senjoku Fidai'?, +1490 to-+ 1600), the country was unified by Oda Nobunaga? (+1534 to 82) 
and Toyotomi Hideyoshi (+ (536 to 98), on whom sec Dening (1). It was Tokugawa Teyasu™ (+1542 to 
+1676} who entered into this heritage with the founding of the Tokugawa Shogunate from +1603 onwards; on 
him see Sadler (1). Hara Tomio (7) has maintained, not implausibly, that the musket was а fundamental 
instrumeut-of this. unification. 

> Sadler (т), psy: 

‘We shall have something more to say further on (р. 467) about the century of the musket in Japan. There 
is a brief account in Sagimate-& Swain (т), pp. 170 ff. See also Okamura Shoji (2). 

f° See the stidies of Nakamura Kenkat (1, 2, 3). 

* The story comes in the Hajó. Gedai-ki!^ (Chronicles of the H3jó Family through Five Generations), in 
Skiscki Shüran!6, vol. 5, ch. 26, pp. 58-66. Cf. D. M. Brown (1), pp. 236-7. 

i. Papinot (т), p. 16g; +1487 to 1541. 
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Quite a lot of information is available about the events of +1548, and Chéng 
Jo-Tséng, who was in a position to know, wrote only a dozen years later that 
they came direct from the Western barbarians (Hsi Fan!) rather than the 
Japanese ones (Wo Ї?).* In the year in question the Governor of Chekiang and 
Fukien was the Censor Chu Wan? (+1494 to +1550), and under him he had an 
energetic young military commander, Lu Thang? (+1520 to c. +1570). At a certain 
point this brigadier attacked a pirate lair at Shuang-hsü-kang? near Tinghai, 
and reduced it, capturing many persons, including eleven Portuguese who had 
good muskets.^ They were merchants, but not above a bit of smuggling when 
convenient. Chu thereupon ordered the volunteer officers Ma Hsien® to get the 
smiths to copy these guns, and Li Huai’ to have the proper powder for them 
made, in which matter they succeeded well, so that the new weapons were even 
superior to the foreign ones. Yet it is also recorded that in the same year there 
came an official Japanese embassy or tribute mission led by the Buddhist cleric 
Sakugen Shuryó? (+1501 to +1579); and Chu Wan gave them very hospitable 
treatment. So the question can hardly be settled, though we suspect that Chéng 
Jo-Tséng knew what he was talking about. 

There is another passage of Chéng Jo-Tséng which may be worthy of more 
notice than it has yet received." In his work of +1566, the Chiang-Nan Ching Liieh? 
(Military Strategies South of the River) he wrote: 


Our first emperor Thai Tsu (Chu Yuan-Chang), because of his remarkable military 
accomplishments, gained control of the whole Middle Kingdom! He possessed every 
sort of fire-weapon in existence from past to present, and kept them in his Runsupes 
Every year when the Magically effective Weapons Brigade (Shen Chi Ying!) held its 
exercises, the names and appearances of most (of the weapons on display) were quite 
unfamiliar to the onlookers. And yet they were only several hundred types (out of what 
were stored in the armouries). People nowadays all say that the fo-lang-chi cannon? and 
the bird-beaked musket both came from foreign ships (i.e. from the Portuguese adven- 
turers and the Japanese pirates respectively). But I once heard the Adjutant- 
Commander ('Tshan Chiang!) Chhi Chi-Kuang™ say that when formerly he held a garri- 
son post in Shantung he excavated a pit and found a fo-lang-chi cannon. The date could 
be checked from the inscription (on the barrel) showing the year and month when it was 
cast and kept (in the armoury) of the Yung-Lo emperor Chhéng Tsu (г. +1403 to 24): 
Again, he-also found {some} bird-beaked muskets in the garrison armoury. -So these 
things must have been already possessed by the Middle Kingdom before the time of the 
Japanese pirates. 


^ -Chhou Hai Thu Pien. ch. 13, p. 392. 
^ The Dominican Gaspar pu Cruz gave an extended account of the incident. translated in Boxer (1), 
pp. 194, but says nothing about muskets. Law and.administraon seem to have interested him тоге than 
arms. 
The mission was quite sizeable, in four ships with more than 400 men, 
* Tt was noted by Wang Ling (1), р. 175, but without reference: 


+ Ch. 8, p. за, ir. auct. "o р. зо above; * Cf p.369 above. 
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This is a rather precious relic of a conversation between the great geographer 
and the great general. There is no reason for doubting that Chhi Chi-Kuang 
found an old disused cannon in Shantung, and as we know from Table 1, there 
are plenty of inscribed artillery pieces from the Yung-Lo emperor’s time still 
extant today; but Chéng Jo-Tséng must have understood him wrongly in sup- 
posing it to have been a breech-loader. On the other hand, although matchlock 
muskets could hardly have existed in the Yung-Lo reign-period, there is a sug- 
gestion here that in fact they were known in China before the Japanese— 
Portuguese contact, and indeed this will shortly appear. 

From the first coming of the musket into southern China, it was dubbed the 
*bird-gun' (niao chhung!) or ‘bird-beak gun’ (niao tsui chhung?). Sometimes the 
word chhung! was reserved for guns with the shorter barrels, and those with 
longer ones were called chhiang?.* The term bird-beak must have been derived, 
one would think, from the pecking action of the cock that held the match, paral- 
leling the term ‘snaphance’ which developed in the West (cf. p. 428 above).5 But 
there is some authority for the view that the reference to birds arose because of 
the use of muskets as fowling-pieces.* It has also been supposed that the stocks, 
which tended in China to be short like pistol-grips (cf. Fig. 168), might have 
been likened to bird-beaks— but the cock derivation is probably the right one. 

The first illustrations and descriptions appeared in two books printed in the 
same year (+1562), Chéng Jo-Tséng's Chhou Hai Thu Pien? and Chhi Chi- 
Kuang's Chi Hsiao Hsin Shu." Fig. 168, taken from the former, shows the general 
view, and Fig. 169 the lock, of the bird-beak gun. The stock is called mu chia*, the 
spring and trigger kuei chhéng?,! while the forward-falling cock is a ‘dragon-head’ 
(lung thou9)5 with the spring acting on its other end (lung wei’) after release from a 
sear lever (Хои?) Р Figs. 170 and 171 give further details. The touch-hole is called 
huo тёп! and the fence or pan-guard! kuo тёп kai! , while the ramrod is the chka 


а As by Sung Ying-Hsing in Thien Kung Khai Wu, p. 438 below. 

^ Davis & Ware (1), p. 536, got this right. Mayers (6), p. 98 had supposed that the name referred to the 
flared mouths of blunderbusses. 

€ See Chhi Chi-Kuang in Lien Ping Shih Chi (Tsa Chi), ch. 5, p. 226, and Mao Yuan-I in Wu Pei Chih, 
ch. 124, p. 68. 

4 Ch. s, рр. 364 ff. Similar illustrations with a different text are in WPC, ch. 124, pp. 2a ff. Chéng quotes 
Chhi at one place (p. 385) because the latter had been writing a couple of years earlier. 

© Ch. 15, pp. 94 f., with rather clear illustrations. 

f This usage arose from the old Neo-Confucian identification of kueis (anciently ‘devil’) with all forms of 
compression and contraction (cf. Vol. 2, р. 490). Shen? (anciently ‘spirit’) comprised all forms of dispersion 
and relaxation. 

€ This is the term later adopted in Chinese for a water-tap. One would have expected ‘bird-beak’ rather 
than 'dragon-head'. 

^ From the diagrams in Figs. 169 and 170 it looks as though these locks were of the type known as snap 
matchlocks. Here the trigger is quite separate from the cock, and pulls back a horizontal sear which has 
previously retained its toe (or tail). The long-armed U-shaped spring which then drives the cock down can be 
well seen in both diagrams, though the artists did not draw the whole mechanism very clearly. 

i Cf. Blackmore (t), рр. 30, 32. 
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Fig. 168. The ‘bird-beak musket’ (niao tsui chhung), an illustration of + 1562, from CHTP, ch. 13, p. 360. 
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169. The lock of the bird-beak matchlock musket, with iis system of springs, from САТР, ch. r3. p. 366. 
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Fig. 170. Another drawing of the same (САТР, ch. 13. p. 374). For explanation see text. 
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Fig. 171. Depiction of the breech-screw of the bird-beak matchlock musket, from CHTP, ch. 13, p. 375. In 

Fig. 416 (p. 121) of Vol. 4, pt. 2, we gave the similar picture from the San Tshai Thu Hui encyclopaedia of 

1609, calling it the first Chinese diagram of a continuous screw or worm with its male and female threads, 

but CHTP is just over forty years earlier. The matter has some importance because although tangent-plane 

helicoidal structures were known and used in ancient and medieval China, the screw as such was one of the 
rare mechanical devices not indigenous to that civilisation. 
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shuo chang!.? The most curious feature is the screw, or ‘turning coiled silk-thread’ 
(lo ssu chuan?) used for plugging the breech (Aou mén?).^ The illustration is similar 
to that in the San Tshai Thu Hui* encyclopaedia (+1609) which we gave at an 
earlier stage," but pre-dates it by almost half a century. It is important because 
the screw was one of the rare mechanical devices not indigenous to Chinese 
civilisation,’ and its appearance here shows the careful way in which the musket 
was being copied. In flintlocks it found still another изе,“ but the question of 
flintlocks in East Asia must be postponed for a few pages." 

Old Chinese matchlock muskets are rare in Western collections, but we can 
show one (Fig. 172a, 6) which is in the Maidstone Museum in England. 

In 41637 Sung Ying-Hsing gave an intelligent layman's account of match- 
lock muskets and their making. He said:$ 


The bird-gun (niao chung)" is about three feet long, an iron pipe containing gunpowder, 
and inset in a wooden holder so that it can be conveniently grasped by the hands. To 
make the bird-gun tube, an iron rod of the size of a chopstick is used as the cold core, and 
three strips of extremely red-hot iron are forged and welded together around it longitu- 
dinally.i Then the interior of the barrel wall is highly smoothed by drilling with a 
four-edged steel reamer of the diameter of a chopstick, so that frictional resistance to the 
discharge is minimised. The bore at the back end is larger than that at the muzzle, so 
that it can hold the gunpowder. 

Each bird-gun is loaded with about o-12 oz. of gunpowder* and 0-2 oz. of lead or iron 
bullets. No fuse is used to ignite the gunpowder. (Comm. Except in South China some- 
times.]! but instead a touch-hole (khung khou thung nei?) is filled with gunpowder, and a 
slow-match made of ramie or hemp (chhu ma?) is employed for the ignition. The mus- 
keteer holds the bird-gun in his left hand, and points it at the enemy, then with his right 


* The fore and back sights above the barrel were chien hsing5 and hou hsing®. 

> See CHHS, ch. 15, p. 115, and even more explicitly WPC, ch. 124, p. 2a. Cf. Blackmore (1), p. 9. It is 
curious because the Japanese gunsmiths consistently avoided using screws (Blackmore, p. 17); and this might 
be an argument for direct acquisition from the Portuguese. It is also curious because the screw-thread shown is 
left-handed, and you turned it to the right, not the left (as our common usage is), to screw it out. 

* Vol. 4, pt. 2, Fig. 416. 

d Tangent-plane helicoid structures were, however, known and much used. Cf. Vol. 4, pt. 2, pp. 1198. 

* Apart from the screw-plug of the breech, and the screws which held the tang or tangs of the barrel in place 
on the stock, the screw came in again as a vice to keep the flint tight in the jaws of the cock. Cf. Blackmore (1) 
PP: 17, 43 (4), p. 23. 

* See p. 465 below. 

= TKKW, ch. 15, p. 8a, b, tr. auct., adjuv. Sun & Sun (1), pp. 272, 276 and Li Chhiao-Phing (2), pp. 394—5. 

^ We cannot accept the term ‘bird-pistol’ used by Sun & Sun, nor the ‘fowling-piece or sporting-gun' 
proposed by Li Chhiao-Phing. Enemy soldiers are distinctly mentioned; furthermore, the illustration (Fig. 
173) shows them. 

! Sun & Sun interpreted this as three sections of tube welded together end оп, but this cannot be right. 

! One wonders whether he meant to say that the wall was made thicker at that point, as it had been in the 
earliest vase-shaped cannon (cf. p. 287 above), thus strengthening the explosion chamber. 

k The word actually used here is Asiao!9, nitre, saltpetre, but probably Sung was only using it in order to 
avoid saying gunpowder so often, according to the ‘principle of elegant variation’. 

One wonders whether this means that a serpentine was employed in the south at times, or even a free 
match rather than the developed matchlock. 
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Fig. 172a. The barrel ofa Chinese bird-beak matchlock 

gun now in the Maidstone Museum (photo. Tower of 

London Armouries). The inscription says: ‘You press 

the trigger as if it was a crossbow, but the impact is 
better than that of any arrow.’ 


Fig. 172b. Rear part of the barrel, and trigger, of the 
Maidstone Museum gun (photo. Tower of London 
Armouries). The three medallions from above down- 
wards indicate the three characteristic Chinese felic- 
ities, fu, blessedness or happiness, lu, rise to high official 


position, and shou, longevity. But here there are in 

the order fu, shou, lu, the first giving the character, 

the second symbolised by a crane-bird (hao) and the 

third symbolised by a deer (/u) because of the pun on 
its name. 


hand he pulls the iron trigger (fa thieh chi!) (of the gun-lock), thus bringing the glowing 
hemp to the top of the (touch-hole filled with) gunpowder. The gun then fires. 

Sparrows and other birds when struck by the bullets within a distance of 30 paces are 
shattered all to fragments; but those more than 50 paces away are killed without being 
destroyed. At a distance of some 100 paces? the force of the bird-gun is almost exhausted. 

The long bird-gun (niao chhiang?) has a further range, about 200 paces. It is con- 
structed in the same manner as the shorter bird-gun, but its barrel is of greater length, 
and it needs about double the amount of gunpowder. 


More professional, one might say, were the comments of the general Chhi Chi- 
Kuang,” who remarked that the only sound way to make musket barrels was to 


* Le. 500 ft, rather under 200 yds. 
^ In WPC, ch. 124, p. 4b (+1621). Chhi's accounts of muskets can be found in CHHS, ch. 15, pp. 9a- 116 
(+1560) and LPSC/TC, ch. 5, pp. 21 b-23a (+1568). 


^ NEGRA ? E S 
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Fig. 173. The bird-beak matchlock musket in use, a picture from TKKW, ch. 3 (ch. 15), р. 356 (Ming ed.). 
'The fleeing enemy are probably Miao tribesmen. 
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forge together two pieces of wrought iron so as to make a tube with a very small 
bore. A steel reamer must then be used to drill the hole, working slowly and 
carefully so that only about an inch was drilled each day. The drilling should 
continue for a month until the whole bore was completed. Unfortunately, the 
supervising officials too often yielded to the complaints of the smiths (who were 
probably on piece-work wages), and let them make guns by rolling iron sheet 
into tubes. The resulting barrels were of uneven bore, and could only accommo- 
date a lead bullet or bullets weighing 0-3 to 0-4 oz. All kinds of dire consequences 
would follow from this unevenness of the bore. The gun could even explode 
when fired. Moreover, the officials issued bullets of quite different sizes, some too 
big, even able to melt and block the bore, some too small, so that the explosive 
propellant force leaked past them, greatly reducing the range, and some so 
small that they would just drop out from the muzzle after loading. All in all, 
Chhi was very discontented with the work of the Arsenals Administration in 
his time.* 

Next comes an unexpected turn— perhaps the first muskets to reach China 
were neither Portuguese nor Japanese, but Turkish? This possibility arises from 
the accounts of Chao Shih-Chén! in his Shen Chhi Phu? (Handbook of the 
Magically Efficient Tools, i.e. Muskets) finished in +1598. The background 
story takes us from the South-east to the far North-west of China, and it starts at 
the beginning of the +16th century. The people of eastern Sinkiang were 
Uighurs, mostly Muslims, of Turkic speech, and naturally had relations with 
the Islamic culture-area that reached as far West as the European Balkans, 
including old Byzantium, now Istanbul. In +1505 the Ming emperor conferred 
a title on Bayaji?, the Emir of Hami, but in +1513 he revolted against Chinese 
rule, in alliance with Mansür*, Sultan of Turfan? In +1517 they occupied 
Shachow (Tunhuang), but after +1524 they were driven back across the Gobi 
Desert, and though the Chinese armies could not reduce the two city-States 
themselves, a stable agreement was made whereby Hami was recognised as sub- 
ject to Turfan, but both princedoms paid tribute to the emperor, an arrange- 
ment which lasted till the end of the century.* In the meantime, during the 
period immediately following these proceedings, there were a number of Otto- 
man Turkish missions to the imperial court, especially in the years +1524, 1526, 
1543, 1544, 1548 (a fateful year, as we have just seen), and 1554.4 


a This was a recurrent failure of the bureaucracy, met with already in Sung times, as we may remember 
from p. 173 above. 

^ Actually Turfan had annexed Hami, but the two rulers were as one against the Chinese. This was the 
context of the trouble about Said Husain, and his execution (cf. p. 369 above). The Chinese court must have 
considered him a spy for Mansür. 

© On all this see Cordier (1), vol. 4, pp. 48-50; Goodrich & Fang Chao-Ying (1), vol. 2, pp. 1037-8. 

d Ming Shih, ch. 332, pp. 294, b, 30a. They all came from Rim (New Rome, Lu-M?^), i.c. Istanbul. Sinolo- 
gists seem to have written remarkably little on these tribute-bearing embassies. 
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In the Shen Chhi Phut, Chao Shih-Chén says:? 


During the 24th year of the Wan-Li reign-period (+1596) Chhen Yin’, a Regional Com- 
mander (Yu Chi Chiang-Chün?)," who happened to be in the capital, showed me a 
bird-gun (aiao chhung*) of the Western (Portuguese) foreigners. This was slightly longer 
than the Japanese (matchlock) musket, but its cock also went down after the trigger was 
pulled, and rose up again after firing. It used 0-1 oz. of gunpowder (and fired) a lead 
bullet o-8 oz. in weight. The weapon was light and convenient, while compared to the 
(Japanese) musket its range was greater by 50 or бо paces." 

I remember that it was during the days when my grandfather Chao Hsing-Lu? was a 
Deputy Judge (Ssu Fu®) in the Grand Court of Appeals (Та Li Ssu”), that the Japanese 
pirates (wo khou?) first trespassed upon the coast of Chekiang province,’ but they did not 
at that time possess any bird-beak guns; it was only six or seven years later that they had 
such weapons. My grandfather once spoke to me as follows: ‘I heard’, he said, ‘that 
during previous reigns the Turfan princedom (Thu-lu-fan?) annexed its neighbour 
Hami (На-ті!'). The Middle Kingdom then appointed someone as Commander of an 
Expeditionary Force (Ching-Lüeh Та-СҺҺеп!!), who enlisted tens of thousands of sol- 
diers, and went to the aid (of Hami) from several different directions. But because the 
Turfan troops were equipped with efficacious firearms from Rim (Lu-Mi!) our soldiers 
could not rescue (Hami), which ultimately fell into their hands. Now Rim is near the 
Western Ocean regións (i.e. Europe) by sea. Could it be that this weapon was transmit- 
ted from there to the Western Ocean people, who in turn brought it to the Japanese? 

(What my grandfather said to me) has been in my mind for thirty-odd years.® Last 
year I had an archery contest with (two friends of mine), the brothers Pa ChhenÜ and 
Pa Chung 6. I only then came to know that their father Pa Pu-Li" was a man of Lu-Mi 
himself, and had originally come to the capital to offer a lion as tribute, whereupon the 
Emperor let him stay (in China) without sending him back." I asked them about the 
bird-beak guns, and (Pa) Chhen and (Pa) Chung (both) said that their adopted uncle 
To Ssu-Ma® had been an officer-in-charge of firearms in that country, and that I could 
find things out just by paying him a visit. So I went one day with (Pa) Pu-Li to (To) 
Ssu-Ma's home.' To gladly showed me a bird-beak musket which he had brought along 
from his country. I found that its mechanism was more convenient than that of the 
Japanese gun. Upon testing it, I observed that it had a longer range, and was several 
times more destructive than the Japanese musket, which made me very happy, for I said 
to myself that with this weapon the Japanese gun would find itself superseded. (To) 


a Pp. 8a, b, 9а; tr. auct. 

> This cannot have been the famous Chhen Yin, an officer of the same name, and Commander of the 
Embroidered-Uniform Guards, because he died in +1549. 

* Just under 100 yards. а This must have been about 4 1538. 

€ This was probably Chhen Chiu-Chou!3, 

f Lu-Mi'? in WPC, ch. 124, pp. 95 ff. 

= This would take us back to +1568 at least. 

^ Turfan was constantly sending presents of lions to the imperial court, so the Pa family were more prob- 
ably Sinkiang Uighurs rather than Asia Minor Turks. 

* Both Pa and To were characters that had long been used for transliterating Mongolian, Jurchen and 
Hsi-Hsia names; here they would apply to Chinese families of Turkish or Uighur origin. 
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Ssu-Ma also said: 'I have received great favour by being looked after all through three 
reigns? and І have often worried that I could see no way to express my gratitude. I 
should be delighted if I could get an opportunity to spread the design (of this weapon), 
so as to add to the military power of the Imperial Court.’ He then explained to me the 
technique of making (the Turkish musket). 

After this I disbursed funds and employed smiths to manufacture this weapon. I 
showed the product to (To) Ssu-Ma and it met with his approval. During my younger 
days I often observed musketeers in combat not being able to recharge their powder and 
shot in time, and as a result being taken advantage of by the enemy. I therefore deliber- 
ated over something between the Western musket and the fo-lang-chi cannon, and so 
made the ‘gripped-lightning musket’ (chhé tien chhung').” Similarly, as an intermediate 
between the musket and the 'three-eye gun' (san yen chhung?)* 1 made the ‘fast thunder 
gun’ (Asin lei chhung?).4 I think that on the battlefield, besides the larger firearms like the 
‘third general’ (san chiang-chiin*), the fo-lang-chi (breech-loading) cannon, and the 
‘thousand-di thunder’ (chhien li lei), among the small firearms nothing has a greater 
range and does more destruction than the Rum (Turkish) musket, and next to it is the 
Western (Portuguese) musket. 


All this requires a little commentary. We have often come across Byzantium 
before, under its early medieval Chinese name of Fu-Lin®, transliterating From 
and Hrom, the names that Eastern Rome had acquired in passing further east 
across the Old World.: In the Thang it replaced the earlier name Ta-Chhin’ 
which the Han people had used for Roman Syria! Then after the Arab con- 
quests got under way, and Asia Minor as well as the Great City (after +1453) 
had become Rüm, the transliteration changed again, becoming Lu-Mi?, as in 
the passage just given. Many masters in Islam were from Rüm; one thinks at 
once of opposite extremes—Jalal al-Din Rumi (+1 207—73), perhaps the greatest 
of mystical theologians and poet-philosophers,* and Muhammad al-Rümi, 
doubtless a Turk, who cast a howitzer of enormous size for the Mughal emperor 
Humayan in India in +1548 (again that fateful year). 

The surmise of Chao Shih-Chén's grandfather that the Turkish culture was 
the origin of all muskets, though at first sight bizarre, is not to be lightly dis- 


® This would mean the Lung-Chhing and Chia-Ching reign-periods as well as Wan-Li, therefore taking us 
back as far as +1522. 

> Clearly this was a bretch-loader with a number of replaceable chambers, cf. pp. 3808: Fig. 145. 

* Often used as a signal-gun, chp. 331 above, and Fig. 112. It was a triple-barrel gun used on horseback in 
northern China. . 

9 We have come-across this before (p. 421, Fig. 165) in connection with shields for infantrymen and gun- 
ners. 

* Vol. 1, pp. 186, 205. Among the many Byzantine embassies there was one in +1371 ied by Nicholas 
Comanos (Nieh-K.u- Lun?) who was accompanied back some part of the way by а Chinese ambassador named 
Phu La9. We have often wondered whether part of his mission did not concern the know-how of gunpowder 
weapons (by then real cannon) which might be acquired from the Chinese. Sec Ming Shih, ch. 326, p. 175, and 
Mol i; р. 206, 

Ü Valois pe 174 ` 

# Boro at Balkh, but his ancestors must have been from Rüm. 

* Partington (5), p. 220. 
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missed. At the least we can say that the Turks had matchlocks about as early as 
the Europeans did. Remembering (from p. 425 above) that the true musket de- 
veloped from the match-holding serpentine arquebus a little before +1475 in the 
West, we find philological arguments that this change had occurred among the 
Turks by +1465.* Other evidence puts its beginnings in the Egyptian Mamlük 
kingdom under al-Ashraf Saif-al-Din Qayt Bey (r. +1468 to 95), with dates 
such as +1489 and +1497.” Matchlocks were prominent in the battles of #1514 
between Turks and Mamluks. After all, if we are right (cf. pp. 573-6) in re- 
garding the Islamic culture-area as the principal way-station between China 
and Europe in the transmission of all gunpowder weapons, an early Turkish 
expertise in portable firearms would be natural enough. So perhaps Chao 
Hsing-Lu was not so far wrong after all. 

Those who have examined the background of the gunnery and musketry of 
the Ottoman Turks derive it from the energetic early development of firearms 
in the Balkan kingdoms, and city-Staies like Dubrovnik. Influence in this south- 
eastward direction is considered more likely, and certainly better documented, 
than any north-westward influences from the Arab world.* It seems that the 
Turks had cannon, directed by an artillerist named Haydar, at the battle of Kos- 
sovo, already in +1389.4 The arquebus would have reached them perhaps as 
early as +1425,° and it can still remain an open question whether the Turkish 
locksmiths were not the first in the field as regards matchlocks. At any rate, the 
Ottomans soon became the most advanced Muslim nation in respect of fire- 
arms,’ however much aided by Hungarian and other European gun-founders, 
and by the middle of the +15th century had the most powerful artillery in the 
Western world. What is more, the men of al-Rüm then supplied muskets to 
many countries east and south—-to Egypt, Ethiopia, Gujerat, Sumatra and, sig- 
nificantly for us, the Khanates of Central Asia and Turkestan." This was where 
we came in. 

The question now at issue is when exactly the Ottoman Turkish muskets 
reached China. Chao Shih-Chén's grandfather must have been born about 
+1500, and the Turfan~Hami campaign would have happened during his youth, 
so that the Lu-Mi muskets could have become known to the Chinese military 
before +1530. The Ottoman embassies of -F i524: and +1526 could both have 
introduced them 100, even that of +1543-4, and all this would have been well 


2 Ayalon ti), p 143 (appendix by P. Wittek). The reason is that the purely Turkish word tek oc (ifeng, the 
later name for musket, can be traced back to that date. Originally iwek meant a blow-gun. There is evidence 
ior some kind of hand-gun at the siege of Byzantium by Mehmet H in. + 1453, frat по clac as to what exacrly ic 
was. Probably it had a serpentine. 

^ Partington (5), pp. 268-9: 
© This might support a view that Western, as well as Arabic, developments came direct from China ш the 
+ iath century. afterwards passing back to the Turks. 

+ Petrovič (1), pp -172,175 The formerly accepted opinion that the Turks had по firearms before the time 
of Mehmet I CF 1413-21) cánnot be right. 

< Petrovié (1), pp. 186, 191. C Ynalcik (G1), p. 210 
- 3 -Petrovič (15. рр. -190— 1,194. * Inalak:-(1}, pp; 202, 208-0. 

* The embassy guards might well have had them. 
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before +1548. It was a remarkable chance that Chao should have known the Pa 
and To families of sinified Turks by the end of the century, and that he should: 
have been able to learn from them at first hand the details of the Turkish mus- 
ket. Perhaps the most likely conclusion is that there were two introductions of 
the matchlock to China, first from Turkey by way of the Muslims of Sinkiang, 
forming a tradition known only to restricted circles in the north and north-west;? 
and secondly, in the south and south-east, a little later, either from the Japanese 
pirates or directly from the Portuguese merchant-adventurers. 

The Shen Chhi Phu also gives a picture of the Turkish match-lock and describes 
how it was operated by the musketeer. Of this Rüm musket (Lu-mi chhung!) it 
says: 


The musket weighs about 7 or 8 lb., or (sometimes) 6 lb., and is about 6 to 7 feet long. 
The holding mechanism of the cock (lung thou?) is situated inside the stock. On pressing 
(the trigger), the cock falls, and after ignition it rises again. A steel knife is attached to 
the end of the stock, so that (the musket) can be used as lance if the enemy should get too 
near.^ Or it can be used for defence against cavalry. At the time of firing, one hand 
should hold the grip in front, and the end of the stock should rest against the arm-pit. 
When firing one should only squeeze (the trigger), not pull it, and the body and hands 
should be still. (In the Ram musket) the touch-hole is slightly further away from the 
place where the eye takes aim (than in the case of the Japanese bird-beak gun), and 
hence the smoke and flame developed when the musket is fired affects the eye and star- 
tles the musketeer less. This is one way in which (the Rüm musket) is superior to the 
Japanese bird(-beak) gun. It uses 0-4 oz. of powder and a lead shot weighing 0-3 oz. 


The illustration of the Turkish musket (Fig. 174) also shows the match, made up 
of four strands of cord; and two sorts of copper dispensers containing the gun- 
powder. The larger one ( yao kuan?) carried the propellant charge, the smaller 
one (fa yao kuan*) provided the priming powder. Each bottle had an elongated 
neck, and that of the larger one was pierced by a sliding copper diaphragm, or 
‘cut-out’, so that it would dispense just the right amount. The operation was first 
to remove the wooden stopper with the teeth, then to place a finger over the 
opening of the container and turn it upside down. When the powder filled the 


a Such a transmission inevitably calls to mind another, which occurred in the opposite direction, and about 
the same time, namely the gift of the technique of inoculation against smallpox (variolation), from the Chinese 
to the Ottoman Turks through Central Asian intermediaries. This must have happened in the + 16th or - 17th 
century, because the technique was passed on further West by the celebrated Lady Mary Wortley Montagu 
early in the +18th. On this whole subject see Needham (85). It is rather a piquant fact that the West provided 
the Chinese with instruments of death in the shape of a more effective war weapon, while they for for their part 
presented the West with a life-giving technique in the form of an extremely beneficial medical invention. And 
these transmissions must have been approximately contemporaneous. 

P. 11a, tr. auct. This translation is taken from the main right-hand caption of Fig. 174. A representation of 
the Lu-mi chhung, with a brief description, is also found in HLC, pt. 2, ch. 2, pp. 135, 14a. 

* This is the first mention so far of a bayonet. The name is said to derive from the town of Bayonne in 
South-western France, where they would have first been made, but it was not much before the last quarter of 
the 17th century. Thus this Turkish arrangement was rather advanced. See Reid (1), p. 124; Blackmore (1), 
P- 36, (4), p. 19. 
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Fig. 174. The ‘musket of Ram’ (Byzantium, і.е. Turkish), from SCP, p. 11a (Lu-mi chhung). For translation see 
text. The picture also figures two powder-containers and a slow-match. 


neck the diaphragm was set so as to prevent further flow, and then the charge 
was poured into the barrel down the muzzle. As for the priming, it was just 
shaken in until the pan was full. 

Other diagrams in the Shen Chhi Phu explain the various component parts of 
the Turkish musket in detail. Of the sights the caption says:* 


* Р. 125, tr. auct. The back-sight was a small plate with a hole, the fore-sight a pin. 
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The back-sight (chao тёп!) and the fore-sight (chao Asing^) are essential for the musket, 
since accurate aiming depends entirely on them. In the Japanese gun a U-shaped sight is 
employed, but that is nothing worth compared with these. The sights are fixed on by 
horseshoe-shaped clamps. 


Of the stock (chhung chhuang?) we are told that the best wood is mulberry, and the 
second-best is from the tamarisk tree (ho liu*)*, while in the south they generally 
use chhou mu>.” The ramrod (shuo chang®), used for pressing down the charge and 
the bullet, is carried in a long tube in the stock under the barrel; after action it is 
wrapped round with a cloth soaked in boiling water and becomes a swab to 
clean out the barrel. It can be of wood for most of its length, but its forked head, 
just fitting the bore, must be of iron. Another illustration shows the barrel and 
the screw-in breech-plug.? The bore must of course be absolutely uniform, other- 
wise the gun is useless. A third gives details of the touch-hole (huo mên’) and its 
pivoted copper fence (huo yen Каї®).° It is recommended that the priming-pan 
(shéng yao chhih?) should be rather deep, but the touch-hole itself small, so as not 
to dissipate the propellant energy (chhi'), and as near the breech as possible, so 
as to minimise recoil (hou tso"). The same page also illustrates the V-shaped 
spring of the lock (Asüan chi), which must be made neither of copper nor iron 
but of unquenched steel.‘ 

The Turkish musket that Chao Shih-Chén described in +1598 was of course a 
matchlock. But when the same firearm was described in the Wu Pei Chih of 
+1628 the cock was replaced by a rack-and-pinion mechanism.* A cursory 
glance might put this down as a wheel-lock, but the function of the wheel here 
was not to produce a spark, but to move the match forward to the touch-hole. In 
Fig. 175 the drawing on the right simply shows this, with its fence, but that on 
the left shows the trigger mechanism. When the trigger is pulled for firing, the 
rack on the right is pushed back, compressing a brass spring (ping tzu’), and 
rotating the wheel in a clockwise direction so that the other rack, bearing the 
match, goes: forward and ignites the powder. On the release of the trigger the 
two racks (Asia kuei®® and shang kuei”) return automatically to their original posi- 
tions. We are not aware of any similar mechanism in European or other Asian 
matchlock muskets. 


* Tamarix chinensis (R260): 

5 This мос rather difficult to identily, but ir may be the sweet oak, Quercus glauca {R 614; Chhen Jung (1). 
р. 203}, 

*. P; irb. Octagonal exteriorly. 

3 Asin Fig. 171 above, for the Japanese bird-beak matchlock musket. 

e P. ra 

E One limb is called kuedit? and the other one fa kuei, 

© Ch. tag, p. 114: 
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One of the illustrations in the Shen Chhi Phu shows a Turkic musketeer with a 
turban firing his gun. The text reads:* 


After inserting the match firmly (in the cock), kneel down on the right knee, and hold the 
musket by the peg (tho shou’)? projecting from the stock in the left hand, with the elbow 
resting on the left knee. The back of the stock (how wei”) is firmly held under the right 
armpit. Close the left eye, and take aim with the right eye by looking through the back- 
sight at the fore-sight. Keep one's mouth shut, hold one's breath, aim at the enemy and 
squeeze the trigger. 


Fig. 176 shows a Muslim soldier following these instructions. The same book 
also describes the Western (Portuguese) musket (Hsi-yang chhung?)," which was 
similar to the Turkish one but slightly shorter, with the back end of the stock 
bent almost like a hook, as іп Fig. 177.4 A drawing of a European firing a 
musket, one of the miscellaneous foreigners of the Western Ocean countries, as 
the caption says, also appears in the Shen Chhi Phu; see Fig. 178.* It is followed by 
a picture showing how the Chinese musketeers improved the firing position 
when using Western guns (kai fang hsi-yang chhung") As the illustration in Fig. 
179 shows, it was a matter of using the fork-clamp rest-peg with the left hand 
and kneeling like the Turk, while holding the musket and raising it to the right 
eye.& 

During the +16th century, the breech-loading principle was applied to these 
muskets, as we see from the Shen САМ Phu (Fig. 181). The ‘gripped-lightning 
musket’ (chhé tien chhung®) had several six-inch-long chambers (tzu chhung’) into 
which the lead bullets and powder charges were pre-loaded, and they easily 
fitted in to a slot at the breech end of the gun. A small touch-hole in the chamber 
then came under the cock with its match, permitting ignition on the pressing of 
the trigger; there was no priming pan. Each chamber took a bullet 0-2 oz. in 
weight, and o-25 oz. of gunpowder. The musketeer carried his gun ready loaded 
with one chamber, while four more were borne in a leather bag of suitable size 


a P, тда, tr. auct. 

^ This is said to be three inches long and made of wood. It clamped on to the stock (Fig. 177). Its presence 
suggests that the barrels were considerably lighter than European models. Something similar is used today in 
modern target shooting by the ‘off-hand’ system, using a palm-rest which transmits the weight of the barrel 
down through the elbow to the hip, in the standing position. See Trench (1), p. 292. 

* P. 134. 4 P. 136 gives details of the barrel and the stock. 

* Р. 2га. f Pp.orb. 

8 We have not come across any Chinese illustrations of the staffs with Y-shaped heads that Western mus- 
keteers used for supporting and steadying their guns (p. 88 above). But in WPC (ch. 123, pp. 25-35) there is a 
picture (Fig. 180) of a musketeer aiming his gun and firing through an iron ring attached to a slanting wooden 
staff with an iron ferrule held by a second soldier. This is called the 'successive rotation detachment musket 
system’ (tsao-hua hsün huan phao>), and it is explained that while one man is finding the required elevation with 
the sights and firing accurately with this aid, four or five more are loading and awaiting their turn, 

A version of the picture was given by Mayers (6), p. 97, but he misunderstood the purport of the entry's title. 

P. 14a. 
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Fig. 176. A turbaned Muslim soldier kneeling and firing his gun (SCP, p. 19а). His left hand holds the peg, a 
downward-pointing handle which was clipped on to the barrel and stock; this is shown separately in the next 


illustration. 
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the barrel to the right, the clamp-peg. 


‚ At the left on the top the spring system of the 


The Hsi-yang chhung or European musket (SCP, p. 130) 


trigger is seen, then to its right the touch-hole and fence, finally below 


Fig. 177. 
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Fig. 178 A European firing his musket from the standing position (SCP, p. 2га). The caption reads: ‘A 
foreigner from one cf the miscellaneous Western-Occan.sea countries leting off his gun.” 
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combining the kneeling position of the Turk, with the fork-clamp rest-peg, 


while using a Western musket (SCP, p. 214). 


Fig. 179. A Chinese musketeer 
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Fig. 180. The ring-rest for muskets 
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four more of the chambers were carried. C 


g. 181. А breech-loader musket depicted in SCP, p. іда. Abov: 
sketch of the bronze or copper trigger-spring, while below on the ri 
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and shape slung round him. The lock, the two powder-dispensers and the ram- 
rod were all the same as those of the Turkish musket, but the peg-rest for the left 
hand was as in the modified European musket. On the other hand, a bronze or 
copper trigger guard (hu chhiao!) was now provided. 

Another breech-loading musket was the ‘sons-and-mother gun’ (tzu mu 
chhung?) described in the Ping Lu of + 1606 (Fig. 182).? The barrel (the ‘mother’) 
was 4 ft 2 in. long, while the chamber (the ‘son’) was but 7 in. long. The bore of 
the two was carefully made identical, and then one ‘son’ after another could be 
inserted at the breech and fired off. The number of chambers carried by each 
musketeer was the same as in the previous case. Since, as we saw on p. 442, Chao 
Shih-Chén claimed to have invented breech-loading muskets himself, this one of 
Ho Ju-Pin’s would seem to be derivative— but of course there may well have 
been many such inventors.” 

So much for matchlocks. But what about the hither side, as it were, of the 
history of the matchlock musket? Nothing has yet been said about the simple 
serpentine in China, the pivoted S-shaped lever which brought the glowing 
match to the touch-hole (cf. p. 425 above). Now the late Ming military compen- 
dia preserve a family of archaic band-guns, both single-barrelled and multi- 
barrelled, which in some cases show what appears to be a serpentine. We have 
something to say about these first, and then we must turn to what one might call 
the further side, and consider the flintlock musket in East Asia. 

The Wu Pei Chih describes a long hand-gun with a barrel weighing 18 catties, 
and 4 ft 4 in. long, attached to a handle 1 ft 9 in. long and bent in scroll-shaped 
curves.* This is called the ‘large blowing-away-the-enemy lance-gun' (ta chui féng 
chhiang") $ it had sights and was operated by two soldiers using a tripod support; 
with a blunderbuss muzzle it would fire a lead ball weighing 0-65 oz. with a 
range of more than 200 paces. No serpentine is shown in the illustration (Fig. 
184), but it probably had one because an alternative name is given: *match- 
holding lance-gun' (chih huo-shéng chhiang). 

The rest of the series consisted in multiplying the number of barrels. Thus the 
‘triple-victory magically effective contraption’ (san chieh shen chif) had three bar- 
rels rotating on a central shaft so that they could be fired off in turn." Each one 
had a fore-sight, but there was only a single back-sight, fitted on the handle 
itself, which ended in a curve as before. But now for the first time we see what 


* Ch. is, pp. 11a-12d. Note the plug-bayonet (chung tee?) which could be fixed in the muzzle for close 
combat. 

> Gf Fig. 1930, 5, c, ап English example of +1537 in the Tower of London Armouries. 

< WPC, ch. 125, pp. 95, toa. Unlike the tillers of old, which fitted as a male peg into a female socket, this 
handle was the socket and the barrel extended 5 in. inito it. 

5 Qa the usage of retaining the term ch&tiang for a long gun, and calling a short one chhung, cf. p. 432 above. 

^ WPC, ch. 125, p. 15а. No explanation is given for the curious apparatus depicted on the left of the 
illustration. Perhaps it was some kind of holster for carrying the gun; though it looks like a bow-case 
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Fig. 182. Another breech-loading musket, from PL, ch. 12, p. 125. One of the chambers is seen below on the 
right, and a bayonet for fixing in the muzzle is to the right above. 
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Fig. 183a. Above, a breech-loading arquebus of Henry VIII’s time; below, a breech-loading carbine of about 
the same date. Photo. Tower of London Armouries. Note in both cases the peg or palm-rest for the left hand, 
analogous to the Chinese examples just seen (Figs. 176, 177, 179). 





Fig. 1835. The breech-loading arquebus of the previous picture with the space for the culasse. Photo. Tower of 
London Armouries. 





Fig. 183c. The same breech-loading arquebus, showing the culasse extracted. Photo. Tower of London 
Armouries. All these three illustrations by courtesy of Howard Blackmore. 
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Fig. 184: The origin of the serpentine, Ап archaic weapon in WPC, ch. 125, p. 95; the ‘large blowing-away- 
thesenemy lance-gun' (ia chiki féng chiang). Мо serpentine is shown, bur it probably had опе because of its 
alternative name, the ‘ma(ch-holding iance-gün' {сїй hua-shéng chhiang). 
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looks extremely like a serpentine, so arranged as to bring the match down to the 
touch-hole of each of the three barrels one after the other (Fig. 185).* The princi- 
ple was then extended to five barrels, and these came in two forms, the rotary," 
and a set arranged in a row.* The ‘five thunder-claps magically effective con- 
traption’ (wu lei shen chi!) was quite similar to the three-barrel gun just described. 
‘The barrels (now called chAung?) were all 1 ft 5 in. long, and the whole apparatus 
weighed 5 catties. The sights were arranged in the same way, and it is explained 
that the gun should be held in the left hand for aiming, whereupon the forefinger 
of the right hand should bring down the serpentine upon the touch-hole of each 
barrel in turn. One can see the slow-match (huo shéng?) held in a copper tube 
at the business end of the serpentine (Fig. 186), through which it must have 
been fed as it burned away, and a whole length of it is shown dangling. 

Just how practical any of these devices were remains a little uncertain, but the 
principle was extended to seven and teu barrels. The 'seven stars gun' (chhi hsing 
chhung?) consisted of six barrels 1 ft 3 in. long turning around a longer and larger 
barrel of pure iron, and all attached to a wooden handle 5 ft long. The barrels 
were bound with iron straps, and the whole set-up mounted on two wheels 1 ft 
5in. in diameter, approximating it to a small field-gun (Fig. 104). No serpentine 
is shown, but perhaps we may deduce it from the other weapons in the series. 
What is important here, however, is that this design goes back not only to the 
Wu Pei Chih, but to the Huo Lung Ching, and to the earliest stratum of that too,* so 
that we are dealing with a firearm of the mid - r4th century, certainly well 
before +1400. Finally, the ‘sons-and-mothers hundred-bullets gun’ (izu mu pai 
tan chhung’) consisted of ten small wrought-iron barrels each 5 in. long, sur- 
rounding a larger barrel 1 & 5 in. long, all attached to a wooden handle. Each 
barrel fired several dozen small lead bullets, and we are told that it takes a 
strong man to wield it (Fig. 188). Again the serpentine is not shown, but there 
must have been some way of igniting the barrels one after the other. 

Could the serpentine have been in fact a Chinese invention? As we know from 
p. 425, it would have to have reached Europe by +1410, and that probably 
means the last quarter of the previous century. When we look at the possible 


+ The same device appears in a weapon called the sword lance-gun’ {chien chhiang): WPC. ch. 138, p. Ва 
This had bur one barrel, but was provided with a close-combat blade at the stock end. 

^ ИРС. che ras, p. іда 

* This was the ‘row-of-five lance-gün' (сом phai chiiang 
barrel, said to be of pure iron, fired 4 or 5 lead bullets. 
arrangements in the fire-tance period, cf. p. 243 above. 

^ The explanation is clear, but it doesn't look as if the artist quite understood how the serpenüne worked. 
On the deficiencies of the old Chinese technical illustrators cf. Voi. 4, pt. 2, pp. 389 f. 

* HEC, pt. i, ch. 2, p. туа, b, also Hae Chai Thu, p 166 and Huo Kung Pei Yao, ch 2, p. i34, 6 The ИРС 
reference 1з ch. 124. pp. 165, 17а 
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"ALC, pto2, ch. 2, pp. 144, 15а. repeated in WPC, ch: 123, pp. 135. 144. This is not the oldest stratum of 
the FireDraké Máauat, but. the weapon clearly belongs io the + igih century rather than die 100; 
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Fig. 185. Gun with three barrels rotating on a central shaft so that each one could be fired in turn by a 

slow-match held in a serpentine. The ‘triple-victory magically effective contraption’ (san chick shen chi) from 

WPC, ch. 125, р. 152. The unexplained object on the left must have been some kind of holster for carrying the 
weapon. 
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Fig. 186. The five-barrelled v n of the same arm (WPC, ch. 125, 
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Fig. 187. Gun with the five barrels aligned in a row (IPC. ch. 125, p. 158} 
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Fig. 188. A ten-barrelled ribaudequin, the ‘sons-and-mothers hundred-bullets gun’ (iza mu pai ian chung), from 


НІС, pt. 2, ch. 2, p. i4 5, repeated in WPC, ch. 125. p. 135 
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means of transmission we find some that are too early to fit the case, and others 
too late.^ But the voyages of the fleets under the admiralty of Chéng Ho', which 
certainly brought a knowledge of the most up-to-date things the Chinese had to 
the attention of technicians and potentates in all the Indian and Arabic lands, 
would just qualify (-- 1405-33);* and in +1403 the Timurid court of Shah Rukh 
at Samarqand, which was in touch with China? saw the arrival of the Spanish 
ambassador Ruy Gonzalez de Clavijo, who picked up a lot of information there.* 
Other Europeans, like the Bavarian Johann Schiltberger, were present in the 
Timurid service at the same time, and eventually got home safely too.! More- 
over, the embassy of Nicholas Сотапоѕ from Byzantium to China in +1371 (cf. 
р. 442 (e) above) would not really have been too soon.* More important perhaps than 
any of these is the remarkable but little-known fact that between +1330 and 
+1430 there was a slave-trade from Mongolia to Italy which brought many 
hundreds, even thousands, of ‘Tartar’ servants from north-east Asia to Europe.” 
We speculated long ago on the technology which some of them must have 
brought with them, whether in textiles or in firearms.' We have also recognised 
‘clusters’ of transmissions from China to Europe, in the - 12th, +13th and 
-F 15th centuries, but especially the +14th century? and it may be that the ser- 
pentine lever belongs with these lists. After all, it was the simplest possible 
improvement on the original hand-gun, with its slow-match being flourished 
about, and once the method of control (for that was essentially what it was) had 
passed to Europe, it would have been just like the locksmiths of the West to take 
the further step of inserting springs, levers, detents and tumblers, between the 
trigger and the touch-hole. Early Renaissance sophistication would thus have 
added valuable safety devices to a system which had had its origin at the other 
end of the Old World. 

One important consideration touching the first appearance of the serpentine, 
which further suggests a Chinese origin, is the fact that the trigger as such, 


а For example, the travels of the Franciscan friars in Mongolia and Cathay centre on the period from + 1230 
to + 1300, which is too soon (cf. Vol. 1, pp. 189, 202, 224). 

e Among the travellers Nicolo Conti centres on +1430, Athanasius Nikitin +1468-—74, and Hieronimo di 
Santo Stefano +1496 (Yule (2), vol. 1, pp. 124, 174 f., 179; Cordier (1), vol. 3, р. 94). The Portuguese voyages 
(+1415 to 98) are of course much too late; cf. Vol. 4, pt. 3, pp. 503 f.) 

© See Vol. 4, pt. 3, рр. 489 ff. 

4 The exchange of embassies between the Timurid dynasty and the Chinese emperor in +1414 and +1419 
is only just too late; cf. Dunlop (10), Майга (1). 

© Yule (2), vol. 1, pp. 173-4, 264 ff. 

г Ibid. р. 174. 

= Of course we should like to know something about the musket in Byzantium before +1453, but all is 
silence, 

i See Olschki (6). 

* Vol. 1, p. 189. 

і One may mention, besides gunpowder itself, the mechanical clock, the blast-furnace for cast iron, block- 
printing, segmental arch bridges and summit-canal lock-gates. The three-component assembly for the inter- 
conversion of rotary and longitudinal motion came in the +15th century. See Vol. 4, pt. 2, p. 383, and 
Needham (64), pp. 61-2, 119ff, 201. 

* Or even of the Turks. 
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downward-hanging as we know it, was so age-old in that country.? As we saw 
(pt. 6 (e), 2, ii above), China of the Warring States period (—5th century) was 
almost certainly the home of the cross-bow, and by the time that this became the 
standard weapon of the Han armies (— tst to +2nd centuries) it had acquired a 
bronze trigger-mechanism of beautiful and intricate construction (see K.P. 
Mayer, 1). The crossbow was introduced to the Western world probably twice, 
before the +5th century and again during the - roth.^ Of course there were 
trigger-mechanisms of various kinds in the Greek and Roman proto-artillery of 
catapults, onagers, arcuballistae and the like, but they seem almost always to have 
released the bowstrings from a holding-claw by a transverse lever working up 
or down, or around a pivot.* This is true even of the hand-held gastraphetes. In 
other words, the triggers did not operate from below, through a stock in which 
they were pivoted, as the Chinese triggers did. Hence their relevance to the 
serpentine. 

We can now return to the later trans-matchlock territory, namely that of the 
flintlock musket. First coming into use about +1550, it displaced the match- 
lock slowly but steadily in the Western world, gaining complete dominance from 
about +1725 onwards; but it was destined to obsolescence itself a century later 
when mercuric fulminate was successfully confined in percussion-caps and used 
to detonate the cartridges with the charges that propelled the bullets.? This was 
the work primarily of Alexander Forsyth in the first decade of the nineteenth 
century, but the man with the best claim to be the inventor of the little top-hat- 
shaped copper cap was Joshua Shaw in +1822.‘ 

By and large there seems to have been no flintlock period either in China or 
Japan, the former because of military conservatism, the latter because of the 
Sakoku! closure of the country to all outside influences between +1636 and 
1853. As we have noted already (p. 37), very few military compendia were 
produced during the Chhing period, and it would therefore be difficult to say on 
what occasions flintlock weapons came to the attention of the Chinese; at any 
rate in 1841 Wei Yuan? described and eloquently recommended them, telling 
how the flint (kuo shih’) was held in the screw-vice or ‘jaws’ of the соск. But 


* This point was made by our friend Prof. Yoshida Mitsukuni during a symposium in Kyoto on 5 Oct. 1981. 
Cf. Allen (1), pp. 78 f., 110. 

^ The oldest European illustrations of crossbow-triggers are in the Book of Ezekiel by Haimo of Auxerre (Bib. 
Nat. Lat. MS. 12302; Blackmore (5), p. 174, fig. 72a), a late + 10th-century work; and in the Catalan version 
of The Four Riders of the Apocalypse, + 1086 (Cathedral Library MS, Burgo de Osma; Blackmore (5), p. 176, 
fig. 73). 
© Cf. Marsden (т), pp. 6, 11, 34-5; (2), pp. 47—8, 102, 179, 180—1, 219-20 and 261. 

3 Among many accounts that of Blackmore (4), pp. 124 ff. is one of the shortest and clearest. Flintlock 
mechanisms still lingered on for some decades after 1800. On the nature, history and use of the fulminates see 
Davis (17), pp. 400 f. 

* [t was Forsyth who had the idea of using fulminate as priming, and Shaw who devised the mass-produced 
metal caps. 

£ Hai Kuo Thu Chih, ch. 91, pp. 1ай. 

* As Waley (26), p. 53 remarked, ‘percussion-guns’ were just coming in at this time, so it was rather late to 
recommend flintlocks, though the Westerners still used them to some extent. 
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still in 1860, at the time of the Anglo-French war against China, matchlocks 
were in regular use on the side of the defenders (Fig. 156).* As for Japan, there is 
evidence that the Dutch +1636 presented a dozen new flintlock pistols to the 
Shogun,” and that certain provincial samurai tried out flintlock guns with satis- 
faction on board the Dutch ship Breskens in +1643°-~but the matter went no 
further, perhaps for a reason which we shall mention a few pages hence. 

It is rather extraordinary that the flintlock musket did not catch on in China, 
for we have seen (pp. 196ff.) that flint-and-steel had been used from the middle 
of the +14th century onward for the automatic igniting of land-mines and other 
infernal machines? The striking of sparks from flint and steel must have been 
known in China much earlier, quite probably as far back as steel itself, and that 
would mean the — 3rd century.‘ Opinions about the beginning of this method of 
fire-making in the West have differed a good deal; it was certainly known to 
Pliny! and the Romans of early Christian times, but some put it much earlier 
than that. There was therefore no reason at all why the advantages of flintlock 
muskets should not have been appreciated in East Asia. They just were not." 

So one may say that the matchlock musket was superseded only by the 
percussion-cap' and cartridge rifle in the second half of the nineteenth century. 
The first significant modernisation of Chinese armed forces is generally said to 
have been due to Li Hung-Chang', who in 1864 equipped his army with 15,000 
foreign-made rifles But the troops of the Taiping revolutionaries under Li Hsiu- 
Chhéng^ had acquired several thousand similar small-arms already two years 
before." At the same time Chhéng Hsüeh-Chhi? was organising ‘foreign arms 


з The prong supports at the muzzle end are seen again here, just as they were in the pictures. of early 
+17th-century battles (Figs. 152 and 155). Chou Wei (1); p. 336, wrote in 1957 that the matchlock musket was 
sull being used in modern times by the border tribesfolk in western and south-western China. And Tibetan 
matchlocks still used by soldiers of the Muli king are illustrated in Rock (2), pl. 12. 

> Caron. & Schouten (1), p. xxxiv. 

* Montarius (1), рр. 3523. 

4 The steel wheel (kang lunt) method, HLC, pe. i, ch. 3, p. 272, 5; PL, ch. 12, рр. 615-625; , ch. 134, 
pp. 144-155, and 65; 7а. The flint {huo shih*) ig distinctly mentioned, Further analysis in Liu Hsien-Chou (72). 

= Cf. Needham (32), pp: 24 f 

t. Nat; Hist. XXXVI, 1g8-See also Harrison (4), p. 219; Neuburger (1); p. 234; Feldhaus (1), col. 319. 

* Forbes (7) put steel-in the Mediterranean area as old as — 700, which may weil be right, and flint-and- 
steel by ~ 300; see (15); p. 9. This makes rather absurd the suggestion of Pollard (1), p. 37, smiled on by Perrin 
(1), p. то, that the findock principle was brought back from Japan by the Portuguese. Leonardo da Vinci had 
had the idea already (cf. p. 428). 

^ Unless we should see a reference to them in something called an ‘automatically closing touch-hole' (zu pi 
lus men?) which Wang Ming-Hao disuiissed about 1598 as а ‘strange novelty of the day (Huo Kung Wên Ta. 
p. 1291). E 

i From Ting Shou-Tshun* in 1844; we learn that the technical term for the flindlock was iza iai huo chi”, 
while that for the percussion-cap system was £u lai Aue ува? (Hai Kuo Tha Chik, ch. 91). ` 

V. See Kuhn (1), pp. 308E Li's memorial of (863 on Western musketry and gunnery is translated in Teng 
Ssu Yü & Fairbank (1), pp. 708. 

к The famous “Taiping Rebellion’ lasted from 1851 10.1864; of Curwen (т); Kuhn (1). 
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companies’ ( yang chhiang ёш) ^ and in 1863 the cavalry of the Nien rebels (Nien 
fei’) was routed by machine-guns (lien huan chhiang phao?) of some kind or other.^ 
This was the time when China began to set up her own arsenals, among which 
the An-chhing Ping Kung Chhang?, founded by Tséng Kuo-Fan? and directed 
by the engineers Hsü Shouf and Hua Héng-Fang’ (1862)* continued to make 
matchlock muskets, but also began the making of percussion-caps for rifles.4 
The famous Kiangnan Arsenal (Chiang-Nan Chi-Chhi Chih-Tsao Chü*) was 
founded in 1865, but it did not produce satisfactory modern rifles unti] 1871.“ 
Ten years earlier one of the censors, Wei Mu-Thing?, had memorialised his 
conviction that China ought to copy Western firearms without hesitation. He 
claimed that ‘the vaunted European weapon technology was, after all, a legacy 
of China herself”. He asserted that ‘it was the Mongols of the Yuan dynasty who 
had introduced gunpowder and firearms to Europe, though they had after- 
wards been greatly improved there by extraordinary skills multiplied in a hun- 
dred ways’. Many other scholars said the same, for example Wang Jen-Chün'* 
in his Ko Chih Ku Wei" (Scientific Traces in Olden Times). How right they 
were; and even more right would they have been if they had ventured to claim 
the preceding dynasty, the late Sung, as the time of transmission. 

Lastly we may take up a point touched on a couple of paragraphs ago, the 
failure of Japan to adopt flintlock muskets—it was because they almost aban- 
doned muskets altogether. There was a period, the hundred years before the 
Sakoku closure of +1636, when fire-arms were very prominent in Japanese 
strategy and tactics, but after the turn of the century controls increasingly strict 
were brought in, and the activities of the gunsmiths diverted in other directions." 
We menüoned already (p. 429) the ten thousand musketeers under Oda 
Nobunaga" at the Battle of NagashinoP in +1575 when he defeated Takeda 
Katsuyori“; only a few years before (+1567) another lord of the same clan, 


* Liu Kuang-Ching (1), p. 426. 

> Ibid. p. 471. See also Téng Ssu- Yü (5), pp. 170 F. 
* QE Vol. 4, pt. 2, p. 390. 

Kuo Ting-Vi & Liu Kuang-Ching (1), p. 519. 

* Bbid.p.521. 

Chhing-Tai Chhou-Pan 1- Иа Shik- Mo CThung-Chih t.p), Anon. (222). ch. a. pp. 35a. On these collections 
sec Hummel (2), p. 383. 

8 Secch. 2, pp. зда, 276, 28а. 

" Earlier they had shown much skill and originality, producing 3 match-protector (Fig. 189) for match- 
locks in rainy weather (cf. Perrin (1), p. 18), as also a helical mainspring (cf. the Turkish musket detail in Fig 
155), and an adjustable trigger-puli (Gluckman (1), p. 28). it is even said that old -F 17th-century miatchlock 
barrels preserved in armouries were converted to percussion-cap rifles after Gdr Perry's time (1853), and then 
again to bolt-action rifles for the Russo-Japanese war of 1905 (Kimbrough (т), pp: 464-8; Perrin (1), p. 67). 

‘Turnbull (15, pp. 1568. The musketeers were commanded in part by a notable soldier, Honda 
Tadakursul (+1548 to - 1610). 
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Fig. 189. Japanese match-lock match-protectors in use in rainy weather, a picture by Utagawa Kuniyoshi 
(1855) in the collection of S. Yoshioka, Kyoto. After Perrin (1), p. 18. 
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Takeda Harunobu!, had recommended the musket as the most important 
weapon of the future.* Indeed it was much used in the Korean expeditions of 
Hideyoshi,” but especially after the Chinese armies flooded in to support the 
Koreans, frantic letters were sent home by Japanese commanders asking for 
urgent reinforcements of muskets and musketeers.* The last important engage- 
ment in which muskets were used was the siege of Hara? in the Shimabara? 
Rebellion of +1637, an uprising of Christian peasant-farmers and landless 
samurai.* 

Then came the period of firearm control and almost abolition. The first step 
was taken by Hideyoshi himself in +1586, when he announced that he needed as 
much iron as possible to make a giant Buddha image, and all farmers, samurai 
and monks had to ‘volunteer’ to surrender their guns for this purpose.* Then, 
after Ieyasu? had won the Battle of Sekigahara? and established the Tokugawa 
shogunate.in +1603, came the licensing of the two great gunsmith centres, 
Nagahama’ on Lake Biwa and Sakai? near Osaka.‘ An office of a Commissioner 
of Guns (Терро Bugyo?) was set up, and he cleared no orders except those from 
the central:government, but the gunsmiths got an annual salary, whether they 
made any muskets or not. By +1625 the monopoly was complete, but the orders 
were reduced to a minimum.’ Export of guns was also forbidden." And so mat- 
ters continued until the arrival of Commodore Perry in 1853 jolted the Japanese 
shogunate into the modern world, and set the stage for the Meiji'? Restoration of 
1867. The firearm suppression policy of Tokugawa times probably accounts for 
the fact that the Honcho Gunkiko" (Investigation of the Military Weapons of the 
Present Dynasty), written by Arai Hakuseki"? (+1656 to +1725) and published 
in +1737, has only one brief chapter on guns and cannon.! 

Five reasons have been given for this singular story, all convincing enough 


* Brown (1), p. 239. The given name of Takeda Harunobu (+ 1521—1573) was by this time Takeda Shingen‘, 
for he had changed it in +1551. 

^ From +1592 to 1598. The translation by Pfizmaier (107) of the Chasen Monogatari, an account of these 
campaigns, though now very old, remains of much interest. 

© Examples in Brown (1), pp. 239, 241, 244; cf. Perrin (1), pp. 30-1. 

* Murdoch (1), vol. 2, p. 658. * Murdoch (1), vol. 2, p. 369. 

* A graph showing the continuously decreasing production of firearms from Sakai during the +17th cen- 
tury will be found in Itakura (1), p. 143. 

= The best account of all this is in Arima (т), pp. 657 f£., 667 Æ., 670-1, 676—7. 

^ Though Richard Wickham of the Hon. East India Co. managed to get out a few for Siam in +1617 (Pratt 


(1), vol. 1, pp. 243-4, 265). 


' Cf. Waterhouse (1), p. 95. But as time went on, there was considerable uneasiness about the policy. In 
1808 the eminent rangaku scholar Sato Nobuhiro! (+1769 to 1850) published a book on the use of small-arms 
and even made some inventions himself; while in 1828 there were experiments with flintlock guns. Only the 
year before Perry a third scholar, Sakuma Shozen!^ (1811 to 1864) deplored the parlous condition of Japanese 
shore batteries. See Tsunoda Ryosaku (2), pp. 568, 615. There was also Murakami Sadahe!> (1808 to 1872) 
whose school of gunnery had, according to the study of Iwasaki Tetsushi (7), considerable influence. And at 
the term of the century Honda Toshiaki had advocated the making of gunpowder; see Keene (1), p. 162. 

i See Perrin (1), pp. 24f., 33 ff. 
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First, muskets and gunnery interfered with the age-old feudal class-relationships 
of Japan. The lords (daimyó!), armed retainers (samurai**), professional soldiers 


(bushi^) and knights errant (ronin?) were accustomed to look down on the local 


worthies ( ji-samurai?), yeomen (goshi’), peasant-farmers (ashigaru?) and the arti- 
sans and merchants (Aeimin?). Putting weapons in the hands of the common 
people which would enable them to kill at a distance the finest lord or knight in 
the country, was an affront to all right-thinking feudal values. As the Governor of 
Izu, Matsudaira, said at the time of the Shimabara Rebellion, ‘firearms des- 
troy the difference between soldiers and peasants’.* Musketry also interfered 
with feudal knightly customs such as the single combat of champions (cf. pt. 6, с 
(2) above), and it had the effect of transferring skill from the field commander to 
the gunsmith and the arsenal mechanic. No wonder the Japanese military aris- 
tocrats, so different from the non-hereditary bureaucratic élite of China, which 
for the most part of two thousand years could successfully keep down the mili- 
tary in a subordinate place, intensely disliked both musketry and gunnery. 
Secondly, there was a great mystique of swords in Japan, as opposed to fire- 
arms. The 'privilege of name and sword" (тубјі taita"') was forbidden to peasant- 
farmers and merchants. Sword-play, involving as it did elegant body-movement, 
was esteemed as an aspect of aesthetics.” In contrast the musketeer's motions 
were uncouth or humdrum, and that remarkable MS. work, the /natomi-ryu 
Терро Densho?, depicts the figures illustrated clad only in the fundoshi® or char- 
acteristic Japanese apron-loincloth, as if to emphasise their plebeian or ugly, 
unadorned ‘and unaccoutred, nature.’ Third, the warrior class was much more 
numerous relatively in Japan than in the Western world (perhaps eight per cent 
of the population as against 0-6 per cent in England), so the prejudice against 
firearms was more able to find a voice in public policy. This may go some way to 
explain why gunpowder successfully played its part in overthrowing occidental 
feudalism while it could not easily do so in Japan—apart from all the other 
factors such as the city-State tradition of Europe, and the. burghers and 
merchant-adventurers who had for centuries been waiting in the wings." 


* Murdoch (t), vol. 2. p. 658. 

> Of course, such martial arts, with a strong aesthetic element, were practised in China too (cf. Lu Gwei- 
Djen & Needham (5), p. 303). often as part of Taoist sel£cultivation, but somehow they never came into 
conflict with the serious. public business of suppressing rebellions, establishing new dynasties, or repelling 
invasions, 

* CL. p. 390:above. 

3 his work: which has 32 illustrations, was produced in +1595 for one of the Inatomi family, famous.for 
gun-making. A copy of +1607 is in the New York Public Library, Spencer Coll. MS. 53. Perrin (1) has repro- 
duced several pages of it; pp: 431. ; 

* Seventeenth-cenuiry group portraits such as the *Honorablé Company of the Musketeers of Antwerp. 
sipping their wine from conical glasses, are deeply symbolic here. 
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Fourthly, there was a great wave of xenophobia in Japan after its first contacts 
with Westerners. As we know, Christianity was illegal after +1616, The English 
gave up their factory in +1623, the Spaniards were expelled in +1624, the Por- 
tuguese in +1638, and the Dutch were confined to Deshima Island from +1641 
onwards. Obviously firearms were (and always had been) something essentially 
foreign. And fifth, the Japanese could close their country completely because 
they were, as a single political entity, more isolated geographically than any 
country on the Eurasian continent could be. Historically they had always 
been isolated too, far more so than England from Europe or Ceylon from India. 

In a brilliant and stimulating book, Noel Perrin (1)? has used this history to 
demonstrate that over a period of time a certain people did succeed in ‘putting 
back the clock’ of military technology, or at least in stopping its hands. He 
argues that this was a successful instance of the ‘selective control of technology’, 
and that it ought to inspire us with the conviction that the atomic arms race is 
not inevitable, nor the holocaust of nuclear warfare either, which no one can 
win. He claims that a ‘no-growth’ community is perfectly compatible with 
prosperous and civilised life,” and that human beings are less the passive victims 
of their own knowledge and skills than most people in the modern world sup- 
pose.* The history of Tokugawa Japan demonstrates, he feels, that men can give 
up a new and dreadful weapon. With much of this argument we deeply sym- 
pathise, but Japan was a very special case; the decision to abandon firearms 
was essentially a feudal and anti-democratic one, which could only work because 
it was possible to isolate the whole country indefinitely from the rest of the world. 

Today no people is an “Tande unto itselfe' (in John Donne's famous words); 
orbiting satellites keep watch on everybody, the trade nexus links all communi- 
ties, telecommunications connect all parts of the globe, and for.good or ill the 
world is one. Rather do we feel that the mastery of nuclear energy as well as 
atomic weapons, of laser beams, space flight and computerisation, is something 
that is set before the human race to achieve. What we know, we cannot un- 
know. Nor can we refuse new knowledge. But we can decline to use. At an earlier 
stage! we quoted the words of the +8th-century Kuan Yin Tzu! book, where the 
writer was talking about many wonders of Art and Nature-——how to induce 
thunder in winter, how to restore the dead to life, how to make images speak, 
and how (strangely appropriate in the present context) to make exceedingly 
sharp swords. ‘Only those who have the Tao’, he said, ‘сап perform’ such 
actions—and better still, not perform them, though capable. of performing 


* To.whom we are indebted for much of the material of the preceding paragraphs. 

© "Though this rather contradicts his enthusiasm for the technical progress of Tokugawa Japan, described in 
Tuge Hideomi (1). 

© Cf what Roszak (1, 2) has. had to say on the ‘technological imperative’. 

* Vol. 2, B. 449. * Probably Thien Thung-Hsiu2: 
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them.’ Knowing but refraining, this is the lesson that humanity must at all costs 
learn, for the price is survival, continued existence, itself, no less.” 


(19) GUNPOWDER AS PROPELLANT (II); THE DEVELOPMENT 
OF THE ROCKET 


Now at long last we come to the problem of the rocket. It is a peculiarly difficult 
one for many reasons, not least because a device changed fundamentally while a 
name did not. ‘Fire-arrow’ (huo chien”), as we have seen (pp. 11 Ё), was a term 
applied in Thang times and much earlier to the incendiary arrow; but in the 
days of the Mongolian dynasty, the Yuan, it had come to mean the rocket. 
Nobody noticed the change, and no-one gave a thought to the difficulties which 
in the course of centuries it would cause for historians of technology. Thus rock- 
ets were certainly in use in warfare by about 4- 1280, but that is just the time 
when Hasan al-Rammah* was calling them ‘arrows of China’ (зайт al-Khitai), 
which implies that they had already been known and used there for some time 
previously (p. 41 above). Their presence in Marcus Graecus, at a roughly simi- 
lar date, is rather less certain; his "ignis volantis in aere' may have been rockets, 
but were much more probably fire-lances.? At another point earlier on (pp. 153, 
226) we were driven to the conclusion that the rocket is almost certainly not 
described in the Wu Ching Tsung Yao of +1044; the ‘gunpowder whip-arrow’ (huo 
yao pien chien?) was rather an incendiary javelin projected by two men. Yet the 
rockets are present in full force by +1340, so it is somewhere in those three 
centuries that we have to look to find their origin. We believe that it is to be 
sought essentially in the ‘ground-rat’ or ‘earth-rat’ (ti lao shu‘), a firework first 
used for scaring troops and upsetting cavalry, then applied, with stick (the 
arrow shaft) and balance-weight, to long-distance trajectories." But exactly 
when? 


а Wei yu Tao chih shih nêng wei chih; i néng néng chih erh pu wei chih!! (Kuan Yin Tzu, p. 20a; Wên Shih Chen Ching, 
ch. 7, p. 15). 

b "To decide what to refrain from will of course necessitate great judgment. The Tokugawa Japanese knew, 
but refrained, in our view for the wrong reasons, and under conditions unrepeatable today. But Perrin's 
admiration for them was not wholly unjustificd. Nor are we maintaining that pacifist reason and feeling have 
always been justified; later we may say something on war as an instrument of human progress. Meanwhile it 
may be noted that the history of pacifist philosophy in China has been told by Tomkinson (1). 

Today, when many find it hard to distinguish ‘terrorists’ from ‘freedom-fighters’, we are witnessing an 
unprecedented ‘democratisation’, or better, universalisation, of sophisticated explosives and highly developed 
firearms. One can only hope that it is a phase which will give way to the just, equitable and healthy society of 
the future. 

© Cf. Reinaud & Favé (2), pp. 314 Ё; Partington (5), р. 203. 

а We shall remember the case of the fei huo chhiang? (p. 225 above) which must mean ‘flying-fire spears’ and 
not ‘flying fire-spears’. It does not therefore attest the presence of rockets in +1232, as has so often been 
thought (e.g. von Romocki (1), vol. t, рр. 46; Feldhaus (1), col. 853), though by that time they may well 
have existed (cf. p. 512 below). Davis (10) got it right. 

© See рр. 477 ff. below. Of course, it may have originated as a recreational firework. 
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Many things make this search difficult. For example, there was the secrecy 
generally surrounding arsenal and military supplies (cf. pp. 24, 93);* and there 
happens to be a dearth of battle accounts between +1100 and +1300 which 
mention rockets or anything similar. They do not seem to have been used in the 
wars between the Sung and the Chin Tartars which culminated in the fall of 
Khaiféng (+1126). Yet the fire-lance, as we have noted (p. 223) was already in 
use by +950, and over the centuries the strong backward pressure on the arms of 
the wielder, the recoil, must have become well known. Moreover, during fights a 
chance sword-cut which hacked off the haft of a fire-lance would have released 
its flame-throwing tube to fly swishing backwards, perhaps up into the air." And 
there is another close connection here, in that fire-lances were occasionally 
rocket-propelled (cf. p. 484 below). We shall suggest that the rocket originated, 
as it were, from the tube of the fire-lance filled with gunpowder, but detached 
from its handle, and therefore free to travel in whatever direction chance 
dictated. 

In these circumstances the best plan will be to describe first the several types 
of rocket weapon at the time when they first come fully into the limelight, and 
then to look again at their history with a view to sketching out as far as we can 
their probable origin and development. Here it will be desirable to follow the 
most logical order of arrangement possible, and this we try to do in the following 
sub-sections. Such order cannot be found in the military compendia of the Yuan 
and Ming themselves, where the weapons are all jumbled up with juxtapositions 
which are sometimes quite confusing; each text and each illustration have to be 
carefully studied before one can decide to what genus and species the weapon in 
question belongs.* 


(1) The ti lao shu* (ground-rat or earth-rat) in military use 


This contraption we met with at a much earlier point when speaking of civilian 
firework displays (p. 134), concluding that it was a tube of bamboo filled with 
low-nitrate gunpowder and having a hole in the septum at one end, then lit and 
allowed to rush violently about all over the floor or the ground, in a rudimentary 
form of rocket-propulsion. The thing could just as easily be made by floats to 
skate over the surface of water, when it was called shui shu; and it took other 


* To take a concrete case, gunpowder weapons are completely excluded from Wang Ying-Lin's Ya Hai 
encyclopaedia, though compiled as late as +1267. 

^ We owe this point to Dr Nigel Davies of RARDE. 

* There is quite a literature on the origin and development of rockets in China, but most of it is misleading 
when not positively wrong, as for instance the paper of Strubell (1). 

At an earlier point (p. 108) we drew attention to the possible significance of the fact that in the Germanic 
languages gunpowder is called kraut, normally a vegetable drug, like yao! in huo уао?. Now we find that the 
Dutch word for rocket is vuurpijlen, as if it was a direct translation from huo chien, i.e. fire-arrow. It was Winter 
(5), p. 10, who drew attention to this. Such strange similarities are at least worth meditating. 
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forms also, as we shall see (p. 514 below). Within the military realm we find 
it mostly enclosed in weak-casing bombs which released a dozen or more of 
these mini-rockets to annoy the enemy's horsemen—and foot soldiers too. This 
was perhaps the most primitive form and first appearance of jet-propulsion in 
warfare. 

Perhaps the type-specimen is the ‘water-melon bomb’ (Asi kua phao!),? and 
significantly it appears in the oldest stratum of the Huo Lung Ching (Fig. 190), 
which would date it to the first half of the +14th century at least. Here we 
translate the relevant passage: 


The ‘water-melon bomb’ is the most efficacious weapon for defending city-walls, best 
used from a high position when (the enemy) is below. Inside the bomb there are one or 
two hundred small (iron) calthrops, and fifty to sixty ‘fire-rats’ (huo lao shu*). [On the 
surface of each fire-rat tube three little hooks are fastened, and each such tube has a fuse 
going to it. All these are put into the bomb first before it is filled with gunpowder, and 
this should be packed in it loosely, not pressed down. The bomb is now sealed, two 
layers of hempen cloth with twenty layers of strong paper being glued over it, after which 
it is dried in the sun. The circumference of the bomb is divided into three parts, and 
three small holes are bored to take in three fuses. Another hole is bored directly at the 
top, and a small two-inch long bamboo tube is put in. A fuse goes right into the bomb 
through this, to make the bomb explode evenly, and the four fuses are connected 
together (at the top).] 

When the enemy appears below the city wall the main fuse is lit, then when the 
burning reaches the point of junction with the four subsidiary fuses, one throws it down 
into the midst of the enemy. The four fuses are necessary to prevent the flame going out 
as the bomb is dropped. [At the moment of explosion, even the coating can càuse some 
damage, but in a trice the calthrops are scattered all over the ground, while the fire-rats 
rush about in confusion, burning the soldiers. Thus the attackers can only run away, and 
as they do so the calthrops hurt their feet ànd injure them when they fall over. They 
never dare to come back beneath those city walls again.]* 


Thus it would seem that each fire-rat had its own fuse and was not just ignited 
by the flames of the main explosion. The illustration is instructive, first because 
itshows inside each mini-rocket a rectangle which we think indicates the bored 
cavity that gives equal burning; and secondly because the three hooks on each 
fire-rat are clearly shown. These evidently were designed to attach themselves to 
the clothing. and accoutrements of men and horses, causing lesions and other 
damage às they burnt themselves out. 

Another projectile of similar type was the ‘rumbling-thunder bomb' (Aung let 
phao*), also in the oldest stratum of the Huo Lung Ching.) |t was more like a 
grenade in size," and contained: poisons as well as gunpowder, but it һаа из 

* HLC, pt i, ch. z; p. 8а, 5; HKPY. ibid., Hsiaagyang ed., ACT, p. 152. 

® "Passages itr are brackets belong to the enlarged version in HPC, ch. i22, pp. 245, 25a, 6, and PL, 
ch. sz, pp; 162, 5. 174. 

e Te aget 
CY HLC ptor; thee. p: 13a, 5; HKPY, ibid; Heiangyang edi ‘HET, pt5. 


= Because it used sun-dried mule droppings às the spherical moulds or matrices round which to wrap J thi 
cloth and paper, after which they were broken up and taken out through the fuse hole. 
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Fig. igo. The origin of rockets; the *water-melon bomb’ (Asi kua phan), containing a number of booked ‘earth- 
fats or ground-rats' (ti laoske) or ‘fire-rats' (Auo lao shu), i.c. mini-rockets. From ALC, pt. i, ch. 2, p Ba. 


ground-rats (# shu’) made of carton tubes, and its iron calthrops, so it was quite 
similar in conception (Fig. 191). If carcfully made, it *caused the enemy to be- 
come dizzy and disheartened', and could be used either on land or afloat. In the 
beginning these weapons could have had an element of real surprise, since an 
enemy would expect attack from above or horizontally rather than at ground 
level from objects originally thought of as toys. P 
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Fig. тот. Another bomb containing mini-rockets along with calthrops and poisons (HLC, pt. 1, ch. 2, p. 134, 
here from HCT, р. 15). It also belongs to the oldest stratum of the Huo Lung Ching. 


Rather larger was the ‘bandit-burning vision-confusing magic fireball’ (shao 
tsei mi mu shen huo chhiu!), but again on the same principle, yet not described till 
the +17th century.* It has a clay matrix, over which were pasted many layers 
of paper with persimmon glue to make a casing, then filled with gunpowder, 
calthrops, ground-rats and fire-crackers, with the addition of ‘flying sand’ and 
‘magic smoke’ composition. The Huo Lung Ching says: 


a HLC, pt. 2, ch. 3, pp. 32 ff; WPC, ch. 130, pp. 8a, b, да. 
! Bee E ке 
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Troops carry these bombs in bags made of oiled string. In combat the soldiers light 
them, and throw them into the enemy's position or camp; as they explode, the (iron) 
calthrops are thrown about underfoot, causing wounds, while the ground-rats rush in all 
directions and get into the enemy's armour, hopping and bouncing up and down, so as 
to bring about alarm and confusion. Opportunity should be taken of this to press the 
attack by fire, using guns and bombards. In this way the troops of the enemy never fail 
to be defeated.* 


Finally the ground-rats occur again, this time fitted with sharp little spikes, in 
a device called the ‘fire-brick’ (Auo chuan'), though very different from our mean- 
ing of the term.? It was just a bomb (Fig. 192) made in elongated rectangular 
shape and filled with individually fused mini-rockets amidst the gunpowder. On 
ignition the brick was hurled into the enemy's camp to set it alight and sow 
confusion.* 


(3) Rocket arrows 


The classical ‘fire-arrow’ (huo chien) is shown in the Wu Ching Tsung Yao 
(+1044) with the explanation that it is sent on its way from bow or crossbow, 
the amount of gunpowder attached to it depending on the strength of the bow.* 
Therefore it is clearly an incendiary arrow using a low-nitrate composition. But 
the Auo chien? in the Huo Lung Ching is entirely different, for it is a perforating 
shock-weapon rocket-propelled. The name might remain the same, but the de- 
vice was something entirely different. 

Some time between +1150 and +1350 it occurred to someone who had seen 
ground-rats leave the ground and fly a short distance through the air, that if 
such a tube were attached to a feathered stick, i.e. the arrow-shaft, it would 
propel it with sufficient force to enable one to dispense with bow and crossbow 
altogether. This was a fundamental discovery. The oldest stratum of the Huo 
Lung Ching says:' 


One uses a bamboo stick 4 ft 2 in. long, with an iron (or steel) arrow-head 4-5 in. long 
[smeared with poison; and some smear that on the rocket-tube too.] Behind the feather- 
ing there is an iron weight (дей chui?) 0-4 in. long. At the front end there is a carton tube 
bound on to the stick, where the ‘rising gunpowder’ (chhi ио“) is lit [and it is oiled to 
prevent its getting wet.] When you want to fire it off, you use a frame shaped like a 
dragon, or else conveniently a tube of wood or bamboo to contain it [or launcher boxes 
of different kinds}. 


* Tr. auct. 

> HLC, pt. 2, ch. 3, рр. 64, 7а; WPC, ch. 130, pp. 18а, b, 19а, b. 

* One of the two specifications stipulates also poisonous smoke-producing material. Two centuries later 
(с. +1565) the fire-brick is mentioned again by Chhi Chi-Kuang (Chi Hsiao Hsin Shu, ch. 18, p. 26a; Lien Ping 
Shik Chi, Tsa Chi, ch. 5, p. 295), but now classed with obsolete weapons no longer made in the arsenals. Wang 
Ming-Hao still talks about it too at the end of the century (Huo Kung Wén Ta, p. 1296). 

* Ch. 13, p. 3a, b. 

* Even the nock on the end of the arrow is depicted. 

С HLC, pt. 1, ch. 2, p. 22a, b; HKPY, ibid.; Hsiangyang ed., HCT, р. 20a. Sentences in square brackets come 
from WPC, ch. 126, pp. 45, 5a. Tr. auct. 
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Fig. 192. The *fire-brick! (Aue chuan) bomb, filled wich the mini-rockets bearing sharp little spikes. From НАС, 
pt. 2. ch. 3; p. 64. 


The illustration (Fig. 193) shows two launching cylinders, one with a dragon 
héad. Very significant is the mention of the balance-weight at the tail; it must 
soon have been obviously necessary to make up for the weight of the rocket-tübe, 
and as the gunpowder burnt away it would have added force to the rocket's 
velocity. This was a second aspect of the invention. A passage from the Wu Pei 
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Fig. 193. The oldest illustration of rocket-arrows, from HLC, pt. 1. ch. 2, p. 22a, Although this must date from 

ihe neighbourhood of + 250, there is good reason to think that the rocket-arrow had been known and used at 

least a century and a half earlier. Here we see also two launching cylinders, the middle one with a carved 
dragon head. 
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Chih spells it out more clearly.* It says: ‘An iron weight (thieh chui!) is fixed at the 
rear end (of the rocket-arrow), behind the feathering, of such a mass that the 
fulcrum of the balance is situated just four finger-breadths (ssw chil?) away from 
the mouth of the rocket-tube.' Davis and Ware called this the centre of gravity; 
unfortunately the text did not specify whether the point was to be forward of the 
rocket-tube's orifice or aft of it. 

The Wu Pei Chih, besides reproducing the early picture, gives further informa- 
tion. First, it describes several different kinds of rocket war-heads.* But secondly, 
and much more important, it illustrates the drill necessary for boring out a 
cavity in the gunpowder within the rocket-tube so that it would burn equally as 
it flew.’ This was another great discovery, the third, and it must have been made 
early on in the rocket’s development. In one illustration (Fig. 194)* the cavity is 
shown within the rocket-tube; in another (Fig. 195)! the drill is diagrammatical- 
ly drawn.’ The accompanying text says that the rocket-arrow is most valuable in 
land engagements, and not at all inferior to the bird-beak musket (cf. p. 432). It 
can be very deadly. But the centre of the charge must be bored out, for the 
‘fuse-eye’ (Asien yen?),^ either with an awl or a bow-drill; the artisans prefer the 
latter, but the result is not so good. It goes on: 


If the hole is straight-sided (i.e. parallel with the walls of the tube) the arrow will fly 
straight; if it is slanting the arrow will go off at a tangent. If the hole is too deep the 
rocket will lose too much flame at the rear, if it is too shallow it won't have enough 
strength, so the arrow will fall to the ground too soon. If the rocket-tube is 5 in. long, the 
cavity must extend into it some 4 in. The shaft has to be absolutely straight, and the 
(rocket-tube and end-weight of the) arrow must balance perfectly when suspended 2 in. 
from the neck, or throat (ching? i.e. the nozzle), of the rocket-tube, while the feathering 
should be almost as long as the rocket-tube itself.’ 


^ WPC, ch. 127, p. 124, tr. auct. 

> (1), p. 532. Chinese engineers from Thang times onwards had had plenty of experience with counter- 
weighting, as in the hydro-mechanical link-work escapement of clocks (Vol. 4, pt. 2, pp. 459-60; Needham, 
Wang & Price (1), pp. 50-1). The steelyard, or balance of unequal arms, was both ancient and prevalent in 
China (Vol. 4, pt. 1, pp. 24). 

* Ch. 126, pp. 55, ба, b, 7a. Thus there was the ‘flying knife rocket-arrow’ ( fei tao chien*), the ‘flying spear’ 
(fei chhiang chien), the ‘flying sword’ ( fei chien chien) and the ‘swallow-tail’ (yen wei chien"). We refrain from 
reproducing them. 

4 This is the principle of ‘concentric burning’, used in order to keep the area of combustion surface as near 
as possible constant. Cf. Anon. (161), Vol. 1, pp. 580—1, Vol. 2, pp. 363-4. 

* From Ping Lu (+1606), ch. 12, p. 444, equivalent exactly to WPC, ch. 126, p. 25. 

f WPC, ch. 126, p. за; PL, ch. 12, p. 465. 

£ This was the ‘thorn’ of early European rocket-makers. Kyeser was perhaps the first to mention it (+1405), 
and of course it is in Schmidlap (+1591) and many others. Cf. Ley (2), pp. 60 f., 63. 

^ The technical term at that time for the cavity. 

i WPC, ch. 126, p. 36, 44, tr. auct. adjuv. Davis & Ware (т), р. 532. The passage is a good deal older than 
might be supposed, for it is verbally identical with what the great general Chhi Chi-Kuang said in his Chi Hsiao 
Hsin Shu of +1560 (ch. 15, p. 144, b). 
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Fig. 194. A picture of the rocket-arrow from PL, ch. 12, p. 44a, important because it shows the cylindrical 
cavity within the rocket tube which was needed for even and equal combustion during flight. 
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Fig. 195. Diagrammatic drawing of the drill or ‘thorn’ for making the cavity in the rocket tube, From WPC, ch. 
126, p. ga. 
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Here comes the fourth part of the invention. By +1300 at least the rocket- 
makers must have known that it was desirable to constrict the orifice of the 
rocket-tube in such a way as to increase the flow-velocity of the issuing gases, 
and therefore the retro-active force of the combustion. This was the principle of 
the ‘choke’,? later called in Europe the Venturi? ‘waist’ or nozzle." Finally, a 
description is given of large-diameter rocket-arrows (ta thung kuo chien!, weighing 
as much as two catties, with a range of some 300 paces (500 yards), and again a 
drilling apparatus is illustrated? 

In Chhi Chi-Kuang's! time (+1550 to 80) the rocket-arrow was much prized 
as a war weapon.* It would fly into the enemy’s rear as well as his front line, to 
left or to right, keeping everyone in alarm, not knowing where it was going to 
strike—and the launching side would of course not know either, since accurate 
aiming was distinctly difficult if not impossible. Hence the tendency to release 
flocks of rocket-arrows at the same time, from the launching-frames which we 
shall described in due course (pp. 486ff.); as also the practice of poisoning the 
arrow-tips to make a direct hit much worse. It was said to be as potent as the 
hand-gun, penetrating wooden planks an inch thick and piercing metal breast- 
plates. As for the drilling of the rocket cavity! it was recommended that the 
boring tool be frequently wetted with water to reduce the friction which was 
capable of igniting the composition, and that a drill should be discarded for 
re-sharpening after half-a-dozen borings. Apparently rockets deflagrated or ex- 
ploded quite often in the making, so directions were given for dispersing the 
work and the stores of powder among separate buildings. Great care was taken 
in making and rolling the strong carton case of the rocket-tube, but sometimes 
iron tubes were employed, especially for the constricted end (the choke) whence 
the gases escaped. 

Exactly what kind of gunpowder was used for the rockets of the Yuan and 
Ming is not very clear, but the Muo Lung Ching lists several compositions the 
names of which would have been appropriate.* For example, there was “flying 
gunpowder’ (fei huo yao?), *wind- -opposing gunpowder’ (ni fêng huo yao*), flying- 
in-the-air gunpowder’ ( fei khung huo yao"), ‘day-rising gunpowder’ (jik chhi hua 
yao”) and ‘night-rising gunpowder’ (yeh chhi huo yao"). But while the text gives 


* СЕ Brock (1), p. 185. 

> See Rouse & Ince (i). pp. 1341. 169: Biswas (3), pp. 272, 305. 

© Giovanni-Bartista Venturi (+1746 101822) was a hydrodynamician very Не noticed by historians of 
science, in spite of his important book (Ventari, 1) Cf. Anon. (161), vol. i, pp. 206-5. 248g. Hence the 
Venturi flow-ineter, and a device embodied in most of our gas ‘geyser water-heaters. 

* ИРС, ch. 126, pp. 85. да. 

© OF. Са Ниво Hun Shu, chis: ррол кау b, тарс. 18. p. Bai hier Ping Shih Chi, Tsa Chi cho g, pp. 27 8; 288, 




















b. 29а, b, 304. 
* Today à conical ‘spindle’ is used, on top of which the packing of the gunpowder is done; cf. Brock (1), 
p. 183. 
* HEC, pta ch. 1, pp. 6a-i127 parallel texts in HAPY and HOT. 
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many constituents of each of these, including saltpetre, actual quantities are 
listed only for two of them (the last-named)^, and then the sulphur is so low as to 
cast doubt on the validity of the percentages. Perhaps the original quantities 
were all removed as a security measure before the book was printed. But we 
know (p. 351 above) that the nitrate must have been in the neighbourhood of 
sixty per cent to work a successful rocket.” 

The technical affinities between the fire-lance and the rocket have already 
been pointed out (p. 472), and one might therefore well expect to find some 
attempt at combining the two. This indeed occurs, under the name of the ‘tiger- 
catching-up-with-the-sheep rocket-arrow' (i hu chui yang chien!).* The explana- 
tion says that this is a five-foot-long shaft (Fig. 196) with a trident at the busi- 
ness end and two rocket-tubes just behind it. At the rear end there are two more 
gunpowder tubes secured to the shaft, but these are fire-lances, not rockets, and 
are ignited automatically as the rocket is nearing the end of its course, said to 
attain 500 paces (830 or so yards).* It can set light to the enemy's wooden 
defences and ships; one man can use it yet a hundred men will be terrified of it, 
especially if poison is applied to the trident." Verily, recondite is the craft of this 
weapon,’ says the text—but on the principle of the survival of the fittest it can 
hardly have been all that effective. Still, a flock of them could have been rather a 
nuisance. Such was what could really be called the ‘flying fire-lance'.^ 

Thus it would appear, looking back, that in spite of its seeming simplicity four 
distinct inventions had to be combined in the development of effective rocket 
flight. First, there was the basic idea of applying a ground-rat tube to a projec- 
tile, and secondly the balancing of the whole to give the arrow an adequate 
range. Thirdly there was the drilling of an internal cavity to promote equal areas 
of combustion surface, and fourthly the addition of a waist, throat or choke, in 
fact a Venturi constriction, to accelerate the flow-velocity of the discharged 
gases, thus increasing the propulsive reaction 

At some time during the +14th or +15th centuries it occurred to some inge- 
nious Chinese artificer that if a rocket could be made to go, it could also be made 


^ Chhi huo yao often appears in the accounts of rocket-arrows in the military books. 

5 The standard rocket composition is 63-6 : 22-7 : 13-6 (Brock (1), p. 188). 

© HLC, pt. 2, ch. 2, p. 22а, b (not the oldest stratum); WPC, ch. 127, pp. 35, 4a. Nevertheless, on intrinsic 
grounds, this weapon could be considered rather old, quite probably developed soon after the rocket itself. 

d From WPC; that in HLC is identical, save that the former has (more logically) ‘two tigers’ (erh hu3). 

* Standard rocket ranges at the end of the + 16th century are usually given as 600—700 paces, or about 1000 
yards (Huo Kung Wên Ta, p. 1293). 

© The second part of this sentence is only in the longer WPC version. 

* Ta yu hsüan miao*. Could one not suspect a Taoist echo here? Cf. p. 117 above. 

^ Cf. pp. 171, 225 above. 

i Among rocket engineers this is often called a Laval convergent-divergent nozzle, after the Swede Carl de 
Laval who introduced it for gas turbines in 1889. Cf. Baker (1), p. 18. 

Í The arrow-shaft itself can hardly be counted as an invention, but presumably the stick of later rockets 
must derive from it, and therefore indirectly from the shaft of the even more ancient fire-lance. Modern 
pyrotechnists say simply that the stick ‘balances and directs the flight’ (Brock (1), p. 183). Spinning, fins and 
wings, ultimately, it seems, took over this function. 
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Fig. 196. A manifestation of the technical affinity between the fire-lance and the rocket, the two combined in 

one device. The ‘tigers-catching-up-with-the-sheep rocket-arrow’ (erh hu chui | yang chien), from WPC, ch. 127, p. 3b. 

Two rocket-tubes are placed behind the trident, but that is not the only warhead, for two fire-lances are carried 
just ahead of the feathering. 
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to come, at least theoretically. Hence the ‘flying powder tube’ (fei khung sha 
thung').* This was in fact three tubes attached to the same staff. A first rocket- 
tube sent it forward towards the enemy, then as it burnt out it ignited a charge in 
the leading tube which expelled a blinding lachrymatory powder over the 
enemy, before igniting a return rocket-tube and so sending the contraption back 
to its point of origin. Thus the enemy would not know from what direction the 
attack actually came. The idea was a striking one, but it would have involved 
great skill to get it to work even approximately in practice." 


Gii) Multiple launchers and wheelbarrow batteries 


It must have become obvious very early that if one was to attempt any kind of 
aim at all with elongated rocket-propelled projectiles it was no use flourishing 
them about at random, one should rather launch them from some kind of frame, 
preferably movable on an axis so as to allow of some choice of trajectory (Fig. 
197}. Rocketry followed in fact just this course, and we can easily describe the 
different forms which the frames took.‘ But first it is necessary to eliminate a 
confusing intrusion, namely co-viative or projected arrows fired from fire-lances 
approximating to guns, and therefore nothing to do with rocket flight at all. This 
is all the more confusing because the drawings and descriptions are completely 
mixed together in the military compendia, and unless one studies the pictures 
and reads the texts with great care one will certainly come to grief, as has hap- 
pened to not a few scholars already. The soldiers of Sung, Yuan and Ming did 
not bother about classificatory distinctions, as we do; all they were interested in 
were the practical ‘effects. 

The reason why we say ‘approximating to guns’ is that so much depended оп 
whether or not the arrows had a plug or wad behind them which completely 
blocked the bore of the firearm’s barrel. If not, they were simply shot out as 
co-viative projectiles along with the flames of the fire-lance at comparatively 
short range (cf. pp. 236 ff. above); if they did then they partook of the nature of 
cannon-balls, as presumably was the case with the arrows protruding from the 
muzzles of the early European bombards of Walter de Milamete (+1327, cf. 
pp. 10, 287-8 above). In the sub-section on fire-lances (13) we saw how difficult it 
сап Бе to distinguish these.two types of weapon.* If the barrel was of wood or 
bamboo it was probably a fire-lance, if of bronze or iron it was perhaps a proto- 


* ИРС, ch. 129, pp. 75, 8а. Hsü Hui-Lin (1) deserves credit for having taken notice of it. There was а model 
of it in the National Military Museum in Peking in (964. 

^ A closely similar come-and-go" rocket occurs in the Sibiu MS. of Konrad Haas, dating from about + (560 
(von Braun & Ordway (1), p. 11). The question of how derivative from the Chinese sources this could have 
been might admit of a wide solution. 

* Ar is. stirely needless to emphasise the great role played at the present day by all forms of launchers, 
whether for military uses or for space-flight. CL Humphries (1), p. 140 and opp. р: 150. 

* Dayis-& Ware (1), p. 533, called them all guns or hombards, but they were not very sensitive to the 
distinction we have to make here. 
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Fig. гау. Oblong-section rectangular rocket-launcher, with all the rockets ignited and sent on their way by one 
fuse, the shen hue chien phai (HLC, pt. 2, ch. ў, р. 2а) 
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gun. If there was no vase-shaped bulge, indicating a thicker wall for the explo- 
sion-chamber, then it was a fire-lance; if one is mentioned or illustrated, then it 
was probably a kind of early gun. If the range is said to be short, it was a fire- 
lance; if it was some 500 yards or more, as often stated, then it was more likely to 
be a gun. This is why long ranges are so confusing, because they do not neces- 
sarily imply rocket-propulsion, as some have thought. 

Among the fire-lances or proto-guns we have already described, the two sim- 
plest cases involved only one arrow,” but there was another which shot three at a 
бте, and yet another which discharged many.^ To these we can now add sever- 
al more, the ‘triple tiger-halberd' (san chih hu yüeh^) delivering three arrows," the 
‘sevenfold tube arrow’ (chhi thung chien?) sending out seven, the ‘nine-dragon 
arrows’ (chiu lung chien’) shooting nine at a time,® and the ‘hundred-aimed bow- 
like arrow-shooter’ ( pai shih hu chien?), letting off ninety-six from six tubes at one 
ignition. All these are relevant to the present discussion only because they are 
scattered disorderly in the books among the true rocket-launchers, to which we 
must now turn. It is significant that none of the projectile arrows in these quasi- 
guns ever show rocket-tubes. 

The most succinct means of surveying the launchers is tabulation, and this is 
done in Table 6, passing from the simplest to the most complicated. We must 
remember that all the data come from books written just before and after + 1600, 
but it may be assumed that the simpler forms would go back one or two centu- 
ries before that time.’ Broadly speaking, three materials were used for the laun- 
chers, basketry (cf. Fig. 198), bamboo tubing, and woodwork. All were provided 
with internal grids or frames to hold the individual rocket-arrows apart (Fig. 
199) and there was a marked tendency to make the launchers more or less 


a Bows and crossbows are of course not at issue here at all. 

> The 'single-flight magic-fire arrow’ (tan fei shen huo chien!), and the ‘magical (fire-)lance arrow’ (shen chhiang 
chien). See p. 240 above and Figs. 51, 52. The former was of cast bronze, and does have something that might 
have been a wad, while a long range and great impact force are noted. The latter was of ironwood, yet it also 
has something that could have been a wad, and again a long range is mentioned. This last was the weapon 
associated with the expeditions of +1406 and +1410 against Annam. See also p. 240 above. One can only call 
these weapons quasi-guns, leaving open the exact shade of difference between fire-lances and true guns. Much 
would depend on the tightness of the wad—and the long ranges may have been exaggerations. 

© The ‘awe-inspiring fierce-fire yaksha gun’ (shen wei lieh huo yeh-chha chkung?); see p. 240 and Fig. 53 above. 

4 The ‘lotus bunch’ (i pa lien); see p. 243 and Fig. 54 above. 

* HLC, pt. 1, ch. 2, p. 26a, b; WPC, ch. 127, pp. 45, 5а. Here a bulge over the explosion-chamber is 
mentioned, but not shown in either drawing. It is called an ‘iron gun’ (thieh chhung?) with three barrels, but 
there is no indication of any plugs or wads. Since this is the oldest part of the Huo Lung Ching, this quasi-gun 
may well go back to the beginning of the - 14th century. 

£ WPC, ch. 127, p. 7а, b. The arrows were to be tipped with poison. 

* WPC, ch. 127, p. 8a. This has no text. 

^ WPC, ch. 127, pp. 105, 11a. The tubes were of carton, and it is significantly said that fire should be 
reserved until the enemy is quite near. We refrain from reproducing any of these. 

і ft will be seen that two items are in the Huo Lung Ching, but neither іп the oldest stratum. 

i From time to time there is mention of arrow-lengths (nos. 4, 8), poison applied to the tips (nos. 4, 12), and 
tail-end balance-weights (nos. 7, 9), etc. but we need not go into further detail. Also the usual romantic names 
are in the Table, so we omit them here. 
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Fig. 198.. Conical rocket-arro 
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w launchers made of basketwork (VPC, ch. 126, р. 166). 
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Fig. 190. Bamboo or wooden rocket-launcher with internal grid tc keep the arrows apart 
= S2 "5 Lh 


(ФРС, ch. 125. p. 50). 
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Fig. 200. Splayed conical rocket-launcher with internal diaphragm to keep the arrows apart 


(WPC, ch. 127, p. 125). 
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Fig. 201. Reconstruction of the same, showing the common fuse. Photo. Historical Military Museum, Peking. 


conical in shape so as to ensure a wide area of dispersion of the points of impact 
(cf. Figs. 200, 201 and p. 483 above).^ We translate but one passage, that con- 
cerning the portable bamboo rocket-arrow carrier with a sling (Fig. 202). The 
text зауз:? 


The small bamboo rocket-arrow tube (hsiao chu thung chien’). Each tube holds ten short 
rocket-arrows, only 9 in. long, and poison is applied to the head of each. The total weight 
(of the tube and its contents) does not exceed 2 Ib., and each soldier can carry four or five 
of them (on its sling) easily. The enemy would not know what exactly they were trans- 
porting. At a distance of some 100 paces (about 170 yards) away, the rocket-arrows are 
all fired as one. These arrows, though small, are fast, and the enemy cannot avoid them; 
so one soldier can do as much harm (with these arrows) as several dozen others (using 
more conventional arms). These rocket quivers can be carried by the personal guards of 
the commander, or by the detachment of soldiers surrounding the flag, or else by men 
scattered among ordinary fighting units. The rocket-arrows should be tested to ensure 
that they can penetrate thin wooden planks. If the bamboo tube is slightly raised at the 
time of firing, the arrows can reach over 200 paces (say 340 yards). This weapon should 
not be overlooked just because the arrows are so small.* 


* This may have been suggested by the shape of the age-old quiver for carrying arrows about, as Mr 
Michael Rosen has intimated to us. , 

^ WPC, ch. 126, pp. 145, 15a; PL, ch. 12, pp. 495, 504, tr. auct. 

* Rough translations of the entries for nos. 1, 9, 10, 12 and 13 have been given by Davis & Ware (1), 


рр. 532-3; Davis (то). 
ILE 
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Fig. 202. Portable rocket-arrow carrier and launcher, with sling (PL, ch. £2, p. 504). 
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Ho Ju-Pin gives much longer ranges for rockets, as much as 600 or 700 paces (up 
to 1150 yards) if made by expert technicians, but adds that they can also be let 
off at quite short ranges, 20 or 30 paces (c. 40 yards) when they will still do a lot 
of damage.* 

Where the story becomes rather fascinating is the mounting of four flared 
rectangular wooden ‘long-serpent’ rocket-launchers (Fig. 203) in rows on wheel- 
barrows (Figs. 204, 205), together with two rectangular wooden ‘hundred-tiger’ 
rocket-launchers (Fig. 206), one on each side. Thus 320 rocket-arrows could be 
despatched almost at one time. Each wheelbarrow was further provided with 
three multiple-bullet proto-guns or fire-lances, two spears for repelling close 
attack, and curtains of leather for hiding the movements of the gunners. Two 
soldiers looked after the fighting and two others provided the motive power.? In 
this way veritable batteries of rocket-launchers (Fig. 207) could be wheeled into 
position, and (hopefully) away again, doubtless under cover of other troops.‘ 
Such manoeuvres, explicitly carried out in conjunction with true cannon, might 
form an interesting chapter, not yet written, so far as we know, in the history of 
artillery and rocketry.? 


(iv) Winged rockets 


Among the various stabilising devices which have been introduced in modern 
times for controlling rocket flight, fins and wings have been outstanding." By 
+1741 fins were fitted to rocket-bombs by the pyrotechnist Francois Frézier," 
and they have continued to be used in many recent types, such as the German 
У 2 of the Second World Маг. But wings are also very often part of the design, 
as in the ‘Styx’, 'Mace" and ‘Matador’ rocket-missiles, as well as the later 


* PL, ch. it, pp. 37aff. 

> A photograph of the scale model reconstruction of this combat-vehicie ts given in Fig. 205. 

There is mention of a hundred such combat-vehicles working together as a battery. СС Ming Shih, ch. 92, 
р. 154. On the history of the wheelbarrow (itself a Chinese invention) see Vol. 4, pt. 2, pp. 258 ff; Vol т. 
p. 242. 

5 П may not be generally known that rocket frames or multiple launchers can still be seen at the present day 
if one goés to Yenshui! in Southern Taiwan at the time of the lantern festival (Yuan Hsiao?). The firework 
rockets are collected together in ‘hives’ ( feng phao thai? or féng tshai phao wo*) and let off simultaneously. There is 
a graphic description by Jih Yüeh & Chung Yung-Ho (1; 7). 

* ‘Topologically the two are closely connected, the fin being a wing of reduced size, and generally placed 
towards the tail of the rocket rather than halfway along its length. СС Humphries (1); pp. 733 £, 139; figs. бо, 
71,26. 77, 79- 

б Frézier (1); Taylor (1), pp. 8-9. Frézier had many Chinese connections (perhaps without knowing it), for 
he made mach ase of iron filings in his fireworks, specialised in tourbillons (rotating rockets}, and called his 
Roman candles lancer-a-feu. Perhaps Reinhart de Solms was the first European co put wings on rockers, as he 
did in +1547 (Duhem {1} p. 288) 

& Taylor (i pp 24—5; von Braun & Ordway {2}, pp. 105-7; Baker (1); pp. 438 

^. Taylor (13; np. 34—5. 

© Taylor (1), pp. 32-3; Baker (т), p. 179. 

i Taylor (1), lec. t; Baker (1), р. 178. 
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Fig. 203. The ‘long-serpent enemy-liquidating arrow-launcher' (chhang shé pho ti chien), a slightly flared rect- 

angular container, from WPC, ch. 127, р. 134. The pierced frames for keeping the rocket-arrows separate are 

seen on the left, and above them the ‘touch-hole’ (kue mên) for the fuse which sets them all off at the same time. 

As the caption explains, each rocket-arrow is 2 ft 9 in. long, with a gunpowder tube 4 in. long, and an iron 
counter-weight just behind the feathering. 
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Fig. 204. Four of these ‘long-serpent’ rocket-launchers mounted side by side on a wheelbarrow (WPC, ch. 1 32, 

p. 96). Underneath were two square-section ‘hundred tigers’ rocket-arrow launchers, and on each side a 

multiple-bullet proto-gun or fire-lance was carried (since this was ridged it may have been a true gun). Two 

Spears were carried in case of close-quarter combat, and there were leather curtains for the protection of the 
soldiers operating the assault-barrow. 
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Fig. 205. Scale model reconstruction of the assault-barrow in the previous picture (orig. photo. 1964, in the 
Nat. Historical Military Museum, Peking). 


‘Thunderbird’? and ‘Nike—Zeus’® types; and here must also be numbered the 
Ohka Kamikaze winged (and manned) rocket-aircraft, also of World War П. 
The ‘Space Shuttle’ of our own times is another case in point, launched as a 
rocket but capable of returning to earth as an airplane.? 

Consequently it is very reasonable to ask, who first gave rockets wings? We 
find it in the oldest stratum of the Huo Lung Ching, which must mean the middle 
of the +14th century, and quite possibly soon after +1300. The passage (cf. Fig. 
208) runs as follows: 


Von Braun & Ordway (2), p. 147; Baker (1), p. 130. 

Von Braun & Ordway (2), p. 146; Baker (1), p. 178. 

Baker (1), p. 92; von Braun & Ordway (2), pp. 87-9. 

Baker (1), pp. 215, 248. 

HLC, pt. 1, ch. 3, p. 18a, b; HKPY ibid.; Hsiangyang ed., HCT, p. 34a, tr. auct. Passages in square 
brackets are from the slightly expanded WPC version, ch. 131, pp. 125, 13a. 
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Fig. 206. The ‘hundred-tigers running-side-by-side rocket-arrow launcher’ (pai hu chi pên chien), from WPC, 
ch. 127, p. 11b. This is the type referred to in the caption for Fig. 204. 
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Fig. 207. A whole battery of the assault-barrow rocket-launchers facing to the left, from WPC, ch. 132, p. 10a. 

This drawing easily conduces to an optical illusion, but one must keep in mind that one is looking down upon 

the battery from a viewpoint high up and behind it to the right. Batteries of this kind must have been quite 
formidable when everything worked well. 


The ‘flying crow with magic fire’ winged rocket-bomb (shen huo fei ya’), 

The body (of the bird) is made of [fine] bamboo laths [or reeds] forming an elongated 
basketwork, in size and shape like a chicken, weighing over а catty (0-6 kilo.). It has 
paper glued over to strengthen it, and it is filled with explosive gunpowder (ming huo cha 
yao’). All is sealed up using more paper, with head and tail fixed on before and behind, 
and the two wings nailed firmly on both sides, so that it looks just like a flying crow. 

Under each wing there are two [slanting] rockets (ta chhi huo? erh chik®). The fourfold 
(branching) fuse, connected with the rockets [and about a foot long], is put through a 
hole drilled on the back (of the bird). When in use, this [main fuse] is lit first. 


a This refers to the ‘rising’ gunpowder rocket compositions; cf. p. 483 above. 
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Fig. 208. A winged rocket-bomb, the ‘flying crow with magic fire’ (shen huo fei ya) from HLC, pt. 1, ch. 3, p. 
184, and therefore at least as early as +1350, probably a century earlier. The idea was doubtless derived from 
the use of expendable birds (Fig. 38) carrying glowing tinder wherewith to set on fire the roofs of the enemy 
city. But the provision of wings or fins for increasing aerodynamic stability long preceded anything of the same 
kind elsewhere in the world. And the provision of an explosive payload was also a new development. 
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The bird flies away more than тооо ft, and when it eventually falls to the ground, the 
explosive gunpowder in the cavity of the bird is (automatically) lit, and the flash can be 
seen miles away. [This weapon is used against enemy encampments to burn them, but 
also at sea to set ships on fire. It should never fail to bring victory ].? 


The illustration suggests that the shafts and feathering of rocket-arrows were 
retained, but the text does not say so. In any case this must surely be the oldest 
account of the invention of the winged rocket in any civilisation. 

One must naturally suppose that the wings were fitted with the four rockets to 
the weak-casing bomb because it was found that they gave added stability and 
accuracy to the flight. But what suggested them in the first place? The answer 
is immediately at hand—namely the use of expendable birds as incendiary 
carriers. It must be significant that these always accompany and precede the 
winged rocket-bomb in the military compendia. There were, for example, the 
‘fire-bird’ (huo chhin!)" and the ‘nut sparrow’ (chhiao hsing?)* both carrying nutfuls 
of burning moxa tinder attached to their necks or legs, so that when they perched 
on the housetops of the enemy city they would set the roofs on fire. Both these 
had come down with little or no change from the Wu Ching Tsung Yao of +1044, 
but again significantly they were there followed by no rocket-propelled artificial 
bird. Going back further, we can find the former easily in the Hu Chhien Ching* of 
+1004, and even in the Thai Pai Yin Ching! of +759. The practice was probably 
age-old, and there is no point in pursuing it further. Thus the winged rocket had 
to await the latter part of the +13th century at earliest—but even so it long 
preceded the winged rockets of the West. 

There is another winged rocket-bomb, or rather grenade, in the Wu Pei Chih, 
the ‘free-flying enemy-pounding thunder-crash bomb’ ( fei khung chi tsei chen-thien- 
lei phao?).5 A rocket-tube (sung yao thung*) is contrived within the body of it, and 
when the wind is favourable the fuse is lit, whereupon it flies over to the enemy.^ 
When the rocket-composition is nearly burnt out, the charge is automatically 
ignited, releasing a poisonous and irritating smoke as well as water-calthrops the 
thorns of which are tipped with tiger-poison. The whole thing is no more than 
3:5 in. in diameter, made of dozens of layers of oiled paper, but on each side it 
has artificial wind-borne wings (Asia féng chhih^) which will take it, in suitable 
conditions, right over a city wall (Fig. 211).! 


* We also give in Figs. 209, 210 reconstructions made by the National Historical Military Museum in 
Peking. А 

^ НІС, pt. 1, ch. 3, p. 16a, b, HKPY, ibid., Hsiangyang ed., НСТ, р. 33а; WPC, ch. 131, рр. 106, 11a. 

* HLC, pt. 1, ch. 3, p. 17a, b, HKPY, ibid., Hsiangyang ed., HCT, p. 335; WPC, ch. 131, pp. 115, 12a. 

3 WCTY, ch. 11, pp. 214, b, 22а, b. 

© Ch. 54 (ch. 6), p. 5a, b: f Ch. 38 (ch. 4), p. 85. 

* WPC, ch. 123, pp. 226, 23a. From p. 163 above we know that ‘thunder-crash’ was the key-word for a 
strong-casing bomb. Here perhaps it was loosely used. 

^ "The stronger the wind the further it goes, says the text. 

' We also give in Fig. 212 the reconstruction made by the National Historical Museum in Peking. 
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Fig. 209. Model of the winged rocket-bomb to show the structure and design (photo. Nat. Historical Museum, 
Peking, 1978). 





Fig. 210. Model of the complete winged rocket-bomb (photo. Nat. Historical Military Museum, Peking). 
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Fig. 211. Another winged flying rocket-bomb, the ‘free-flying enemy-pounding thundercrash bomb’ (fei khung 
chi tsei chen-thien-lei phao), from WPC, ch. 123, p. 226. From its name this was a strong-casing bomb, and the 
rocket tube was contrived within the body of it. 
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Fig. 212. Reconstruction of the rocket-containing flying bomb to show the structure of the wings. Photo. Nat. 
Historical Museum, Peking, 1978. 


Such were the beginnings of the winged rockets of the present day that reach 
beyond the stratosphere. 


(v) Multi-stage rockets 


Today it is a commonplace, not only the pabulum of science fiction, that if we 
wish to leave the earth and travel into outer space, mankind can only do so by 
using rocket-craft with combustibles that fire in several successive stages, boost- 
ers to begin with, then smaller rockets, finally to take advantage of gravitational 
pulls within the emptiness, and cruise away among the stars and planets.* Arti- 
ficial satellites launched by multi-stage rockets are now familiar to everyone,” 


* Aided of course by small bursts from rocket-motors from time to time to change or adjust direction. 

^ They may circulate anywhere between 500 and 25,000 miles above the earth, and the higher they are the 
longer they will endure before descending and being burnt up by the friction of the earth's atmosphere. They 
must also avoid the van Allen radiation belt, which is most dangerous between 2000 and 12,000 miles. Cf. 
Taylor (1), pp. 82 Ё; von Braun & Ordway (2). 

I shall always remember seeing the pin-point light of ‘Sputnik I’ crossing the sky, man’s first artificial 
satellite, as we sat at dinner in the open air on the harbour mole at Valencia in Spain in 1957. 
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and space probes can be sent to remote inhospitable parts of the solar system 
where men are not yet ready to venture themselves.’ In seeking for the origin of 
multi-stage rockets let us start from the present day and work backwards, trac- 
ing their development to its source.” 

The ‘Apollo’ moon-landings of 1969 were accomplished by means of a three- 
stage rocket of enormous size, ‘Saturn V'.* Such space projectiles have been 
developed along with those more menacing and dangerous missile carriers 
known as IRBM and ICBM.‘ Indeed it is an extraordinary fact that the very 
same rocket vehicles which can be, and have been, used for the exploration of 
extra-terrestrial space by human beings, can also be turned against themselves 
for fratricidal purposes of mass extermination—like fire itself, everything de- 
pends on what you do with it. The American ‘Thor’, ‘Atlas’, ‘Titan’ and 
*Minuteman' have all been rockets of three or four stages, as also the Russian 
ones ‘Scrag’ and 'Sasin'.* It was the Russian pioneer Konstantin Tsiolkovsky 
about 1883 who first realised that space-flight would necessarily demand what 
he called ‘rocket-trains’ or multiple rockets firing in successive stages.‘ Only so 
could a sufficiently high speed be attained to overcome the pull of earth's grav- 
ity. Also in the nineteenth century came the application of Edward Boxer about 
1855 of two-stage rockets for the purpose of life-saving at sea; they shot a cord 
over the endangered vessel so that a cable and a breeches-buoy could follow. By 
1870 every British lifeboat station was equipped with these, and they are still in 
use at the present day, having saved many tens of thousands of lives.’ Boxer 
based the design on the rockets of Francois Frézier, published in his book of 
T9431: 

But the idea of two-stage rockets goes much further back, into the +17th and 
t 16th centuries. It has long been known that the Lithuanian military engineer” 
Kazimierz Siemienowicz described them in his book Ars Magna Artilleriae pub- 


а E.g. ‘Mariner 4’ and ‘Venus 4’; Taylor (1), pp. 148-9. 

^ Dollfuss (1) suggests that the first payload-carrying rockets were those of French displays from +1772 
onwards which shot live dogs and sheep high into the air, after which they descended safely by parachute 
( parasol à feu). Some of these seem to have been two- or three-stage rockets. Similar systems were used later on, 
for ‘Verey lights’ on battlefields from 1837, and for reconnaissance cameras from 1860. On the history of the 
parachute as such see Vol. 4, pt. 2, pp. 594 ff. 

Duhem (1), pp. 292, 300, also describes the animal parachute experiments. 

* This was eight years after the first human being had been put into space, Yuri Gagarin in ‘Vostok I’. See 
Taylor (1), pp. 92 f., 124f.; von Braun & Ordway (1), pp. 176ff. By the time the last stage fell away, the 
*Apollo' spacecraft was making 24,200 mph (Fig. 213). 

d Intermediate-Range Ballistic Missiles and Inter-Continental Ballistic Missiles. 

© Taylor (1), рр. 38, 72 Ё; Baker (1), pp. 109 ff; von Braun & Ordway (2), pp. 135, 172—3 (1), pp. 175-6. 
China launched her first multi-stage carrier of modern type to a destined area in the South Pacific on 18 May 
1980. 

f See Baker (т), pp. 17 ff.; Olszewski (2); von Braun & Ordway (1), рр. 124—5; Ley (2), pp. 101 Е; Taylor 
(1), pp. 14-5. Tsiolkovsky even envisaged liquid oxygen and hydrogen as fuels, the very solution adopted 
nearly a century later in ‘Saturn V’. 

* Taylor (1), pp. 11-2; Humphries (1), pp. 143 Ё, 178. The second-stage rocket was lit by a small detonat- 
ing charge of gunpowder. 

^ Siemienowicz spent his life in the Polish service. 
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stage rockets; the blast-off of Saturn I in 1961 (from Baker (1), p. 157). 


Fig. 213. Multi 
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lished at Amsterdam in +1650.* But more recently a MS. conserved at Sibiu in 
Rumania and written by Konrad Haas" about +1560 shows also a clear pre- 
sentation of the same idea,‘ and it is thought to have reached Siemienowicz by 
way of the book of Schmidlap (1), often printed in the second half of the + 16th 
century.? Less clear is the attribution to Biringuccio, which would take the mat- 
ter back to +1540." 

But all these European devices were much posterior to the two-stage rocket 
described in the Huo Lung Ching.‘ Since it occurs in the oldest portion of the book 
it must be dated to the second half of the +14th century, and quite probably to 
the first half also.* Describing the ‘fire-dragon issuing from the water’ (huo lung 
chhu shui"), it says: 


A tube of bamboo (mao chu)! 5 ft long is taken, the septa removed, and the nodes scraped 
smooth [with an iron knife]. A piece of wood is carved into the shape of a dragon’s head 
(and fitted on at the front) while a wooden dragon tail is made for the rear end. [The 
mouth must be facing upwards, and] in the belly of the dragon there are several ‘myste- 
rious mechanism rocket-arrows’ (shen chi huo chien®)) At the dragon head there is an 
opening through which go all the fuses of the rockets (inside). 

[Beneath the dragon head on both sides there are two (big) rocket-tubes weighing a 
catty and a half each. Their fuses (and orifices) should face downwards (and back- 
wards), and their front ends must face upwards (and forwards); and they are fixed tight 
to the body by (bands of) hempen cloth secured with skin- and fish-glue. The fuses of the 
rocket(-arrows) within the belly lead out from the head of the dragon, and they are 
divided into two. Oiled paper is used to make them firm, and they are so arranged as to 
be connected with the front (ends) of the (outside) rocket-tubes (huo chien thung^). And 
under the tail of the dragon on each side there are also two (big) rocket-tubes, fastened 
in the same style. The fuses of the four rockets are twisted into a single one. In a naval 
battle] the apparatus can fly 3 or 4 ft above the water. 

Upon lighting it will fly over the water as far as 2 or 3 Е. At a distance it really looks 
like a flying dragon coming out of the water. When the gunpowder in the rocket-tubes is 
nearly all finished (that in the rocket-arrows within the belly is ignited, so that) they fly 
forth, destroying the enemy and his ships. [It can be used either on land or sea.] 


а A French translation appeared in the following year. See Olszewski (1), p. 251; Barowa & Berbelicki (1), 
p. 12 and opp. p. 9; Thor (2); Subotowicz (2); Berninger (1). 

^ +1529 to 69. 

© Todericiu (1-5); Subotowicz (1); von Braun & Ordway (1), pp. 11 f. Haas added delta-shaped fin- 
stabilisers to his rocket tails. 

4 He designed three-stage rockets, on which see Subotowicz (1), as did Siemienowicz later. 

* (1), Eng. ed. p. 442; see Thor (1). 

© HLC, pt. 1, ch. 3, p. 23а, b, HKPY, ibid.; Hsiangyang ed., НСТ, p. 365; WPC, ch. 133, pp. 34, b, 4a. 

= It was only natural that it should have been earlier, in view of the antecedent development of all gunpow- 
der devices and weapons in China. 

^ Tr. auct. Passages in square brackets come from the rather longer version in the Wu Pei Chih. 

i Phyllostachys, probably edulis; cf. Chhen Jung (1), p- 78; Steward (2), p. 437— but in any case one of the 
bamboos of large diameter. 

J Cf. Table 6 above. 

* This range is not so long as it sounds. The Yuan li was 0-344 mile, or 605 yards, so the maximum given 
would only be 1816 yards. 
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Thus the automatic lighting of the second-stage rockets is clearly stated.? 
Although strangely prefiguring submarine-launched weapons of ‘Polaris’ type,^ 
it was not in fact fired from under water, but rather from near the water-level on 
shipboard, and its trajectory was evidently kept very flat." Fig. 214 shows the 
illustration from the Huo Lung Ching; those in later books simply re-draw it.’ This 
invention has been noted by a few writers, but its full significance has hardly 
ever been appreciated. 


(vi) The rise and fall, and rise again, of military rockets 


For reasons which have already been explained (p. 472), the origin and develop- 
ment of the rocket is an exceptionally difficult study in technological history. We 
must unravel it as best we can, but a definitive account will have to await further 
research.‘ 

To begin with, we have two fixed points, +1264 when an empress was fright- 
ened by the ‘ground-rats’ or ‘earth-rats’ at a firework display (p. 135 above);s 
and the neighbourhood of +1280 when al-Rammah in Syria described rocket- 
arrows as sahm al-Khitdi, ‘arrows of China’ (p. 41 above). Equally, in spite of 
arguments to the contrary, we do not believe that rockets were described in the 
Wu Ching Tsung Yao of +1044 (pp. 226 above); while on the other hand they were 
prominent among the fireworks mentioned by Féng Ying-Ching and Shen Pang 
in +1592 (p. 134 above).^ The details in the Huo Lung Ching affirm rockets clearly 


* The same principle was even applied to fire-crackers in traditional China; cf. Ball (1), p. 282. 

> Cf. Taylor (1), pp. 76-7. In Oct. 1982 the Chinese navy successfully tested a submarine-launched ballistic 
missile. 

* [t was thus the very model of a modern ‘Exocet’ missile (named from the flying fish Exocetus), so promin- 
ent in the Falklands campaign, as Dr Christopher Cullen remarked to us at Louvain, 

3 We also give in Fig. 215 the reconstruction made by Chiang Chéng-Lin for the National Historical 
Military Museum in Peking. Cf. Anon. (209). 

* E.g. Hsi Tsé-Tsung (6); Hsü Hui-Lin (1); Chiang Chéng-Lin (1); Sandermann (1), p. 171. 

f One meets from time to time in the Western literature with dubious stories about Chinese rocketry. For 
example, Hokes (1) has written about ‘Wan Hoo’, a supposed official of the Ming period, who invented a 
kite-like monoplane powered by about 30 rockets, but perished in its first experimental flight. There is a whole 
series of uncritical references to this, as in Ley (2), pp. 84—5; Gibbs-Smith (10); Zim (1), etc. and it has even 
been entertained by Chinese writers such as Hsü Hui-Lin (1). But in spite of much correspondence, as with 
A. T. Philp in Australia, we have never been able to get any firm reference to Wan Hoo, and we suspect that he 
is a myth invented probably during or after the Chinoiserie period. The matter is reminiscent of a similar story 
about a dirigible airshin ascribed to the Yuan (Vol. 4 pt. 2, p. 598) and probably equally without foundation. 

The application of rocket-propulsion to land vehicles has never in fact been of much practical use (Taylor 
(1), pp. 18 f.) except for test-track sleds (Humphries (1), p. 179, fig. 113), because although rocket thrust is so 
high per unit weight, and realisable with extreme rapidity, its fuel consumption is extremely great. But rocket- 
assisted take-off for aeroplanes has become commonplace (cf. Humphries (т), pp. 163 f., fig. 100), and a glider 
like that ascribed to Wan Hoo was successfully flown by Fritz von Opel in 1928. 

One can even find Wan Hoo in Norwegian; cf. Holmesland et al. (1), vol. 16, p. 508. 

* Ofcourse it does not follow that the ground-rats were a new invention of that year, nor that civil fireworks 
were their only employment. They may well have been a century or more old at the time. We have suggested 
(p. 474 above) that the incorporation of these mini-rockets in cavalry-confusing bombs was the most primitive 
form of the use of rockets in warfare. 

^ Their ‘ascending fires’ (chhi huo?) were undoubtedly rockets, and they also knew of the ground-rats (ti lao 
shu?) and the similar toys that whizzed about on.water surfaces (shui shu>). Something like this last is in 
al-Rammah (Partington (5), p. 203). 
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Fig. 214. The first of all multi-stage rockets, the ‘fire-dragon issuing from the water’ (huo lung chhu shui), a 
device from HLC, pt. 1, ch. 3, P- 234. It therefore belongs to the middle, perhaps to the beginning, of the + 14th 


upon the enemy. The design seems to have been for use mainly in naval warfare, and as the trajectory was very 
flat the weapon may be regarded as an ancestor of the modern ‘Exocet 
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Fig. 215. Reconstruction of (ће two-stage rocket described in the previous illustration (photo. Nat. Historical 
Military Museum, Peking). 


by about +1350 (p. 479 above),* so the period in which we mainly have to look 
lies between about +1050 and +1280. 

Now it will be remembered (pp. 148ff. above) that between +969 and +1002 
there was a crop of military inventions by Thang Fu, Yo I-Fang and others, in 
which new sorts of firearms figured, but we do not believe that these were 
rockets.” Fire-arrows were standard equipment on battleships in +1129, but 
again there is no justification for interpreting them as rockets.* By +1206 a term 
not previously used appears, ‘gunpowder arrows’ (huo yao chien!), fired off by 
Chao Shun's men during the defence of Hsiangyang against the Chin Tartars 
(p. 168 above), but though these may have been rockets the expression could 
easily have referred to low-nitrate gunpowder used on incendiary arrows, as it 
had been for at least a couple of centuries previously. On the other hand the 
‘fire-arrows’ launched in +1245 during the military and naval exercises in the 
Chhien-thang estuary (p. 132 above) most probably were rockets. There is here 
a zone of probability which we can only assess in the light of the following 
circumstance. 

This is the description of the fireworks used at festivals on the West Lake at 


а And very complicated ones too, such as winged ones and two-stage ones. 

^ Wang Ling (1), pp. 165, 168; Goodrich & Féng Chia-Shéng (1), p. 114, were uncertain about the nature 
of these. Prüsek (4); Kohler (1), vol. 3, pt. 1, p. 169; and Hsü Hui-Lin (1), thought they were rockets. 

* Inspite of what we said in Vol. 4, pt. 3, pp. 575-6 above, which misled von Braun & Ordway (1), p. 41. 
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Hangchow around +1180 (p. 132 above).* Here lies what is probably our best 
starting-point. Though he was writing a hundred years later, Chou Mi would 
have been quite well informed of what went on, and among the pyrotechnic 
devices he named ‘meteors’ or ‘comets’ (liu ksing’)? as well as ‘water-crackers’ 
(shui рао?)° and others that flew in the air like pigeon-whistles on kites (féng 
chéng?) .* Like Féng Chia-Shéng himself; we are strongly inclined to take comets’ 
here to mean rockets, because, though possible, it is surely less likely that the 
pyrotechnical masters took bows or crossbows and shot balls of fire into the air. 
At the other end of history we know from Chao Hsüeh-Min's monograph on 
fireworks, the Huo Hsi Lüeh of +1753, that liu ksing! was by then the common 
name for rocket;? but he also uses the extremely significant expression 'flying 
rats’ (fei shu’). This is reminiscent of another term, equally conjunctive though 
seemingly self-contradictory, the ‘meteoric ground-rat' (liu hsing ti lao shuf) 
which we find in the Wu Pien of +1550.' Intermediate in date is a weapon de- 
scribed in the Wu Pei Chih and called the ‘comet, or meteoric, bomb’ (dtu Asing 
phao"') і This was a rocket-arrow, with a shaft 4 ft 5 in. long, a poisoned arrow- 
head, and a small carton bomb about the same diameter as the rocket-tube fixed 
in front of it. As the rocket burnt out, it ignited the bomb (Fig. 216). 
Unfortunately, it would be highly deceptive to take everything bearing the 
name liu Asing as a rocket. For example, we have already encountered (p. 180) 
the ‘magic-fire meteoric bomb that goes against the wind’ (tsuan fêng shen huo liu 
hsing phao'"), certainly current by the mid +14th century;* it was probably 
thrown in antique style from a trebuchet, and perhaps got its name simply from 


* [n fact, the Shun-Hsi reign-period, +1174 to 89. 

> Wu Lin Chiu Shih, ch. 3, p. 15. 

© This probably means the water-rats or rocket-skimmers, perhaps igniting a small explosive charge as they 
burnt out. 

4 This sounds like Verey lights suspended in that way—or of course live birds could have carried them. On 
pigeon-whistles, see Vol. 4, pt. 2, p. 578. 

* Letter to J. N. of 1 Jan. 1956. 

f Strictly speaking, ‘meteors’ is the better word, for properly comets were hui hsing* (cf. Vol. 3, pp. 431, 

). 
е Cf. Davis & Chao Yün-Tshung (9), р. 104. 

^ Ibid. p. 103. Earth-rats and water-rats are mentioned many times (рр. 101-2, 103—4). 

i Ch. 5, pp. 635 f. Such names make one think of bats and other flying mammals. Indeed fei shu was ап 
occasional synonymic name for the bat. *Ground-rat' had always been a good term for the small rocket because 
it scuttled about at random. But there could never have been any confusion in the names of the airborne ones, 
partly because the flight was so different, and partly because they had long had their own special names. The 
commonest bat, Vesperugo noctula, was called pien fu? (or thien shu9); cf. PTKM, ch. 48, p. 435; R 288; Tu 
Ya-Chhüan et al. (1), p. 1956-2. Other species, such as the flying squirrel Pteromys xanthipes also had their special 
names, in this case lei shu? or fu shu; cf. PTKM, ch. 48, р. 476; R 289. 

J ИРС, ch. 128, рр. 165, 17a. The description says that the use of the weapon is a good way of causing 
commotion among enemy troops, especially cavalry, as well as doing some incidental damage, after which one 
should press the attack. But the artists forgot to put in the feathering (/ing!?), though it is mentioned in the text, 
and moreover the arm is called chhiang'? rather than chien!^— confusing features which led Davis & Ware (1), 
рр. 523-4 to regard it as a fire-lance or incendiary whip-arrow, i.e. javelin. 

* Because of HLC, pt. t, ch. 2, p. 7а, b. Lit. ‘wind-piercing’. 
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Fig. 216. That the earth-rat turned into the rocket is well illustrated by the expression ‘meteoric ground-rat’ 

(liu hsing ti lao shu) found in +1550, and another, the ‘flying rat’ ( fei shu) of +1753. Here we have a confusing 

instance of similar nomenclature, the ‘meteoric bomb’ (liz hsing phao), from WPC, ch. 128, р. 165. The bomb 

was simply a carton of gunpowder fixed forward of the rocket-tube head, which automatically set off the 
explosion as it was about to burn out. 
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the light of the burning fuse as it passed through the air. Equally there was the 
*fire-crossbow meteoric arrow-(shooter)’, (Auo nu liu-hsing chien').* This had no- 
thing to do with crossbows either;^ it was a bamboo proto-gun* firing ten 
poisoned arrows at a time, which came out ‘like a flock of locusts’ (Fig. 217). It 
happens that we can perhaps trace this weapon a long way back, because we 
read? that in +1049 a certain magistrate, Kuo Tzu’, presented prototypes of a 
‘combat wheelbarrow” and an ‘invincible meteoric crossbow’ (wu ti liu hsing nu^); 
at that time it would have been a fire-lance sending out the arrows as co-viative 
projectiles.’ 

The dearth of battle accounts specifically mentioning rockets has already been 
mentioned, but we can find a few, though not for the vital century that we have 
now been able to define, between +1180 and +1280. For example, bombs con- 
taining ground-rats are prominent in the account of the campaign of Liu Chi? in 
Chekiang against inland rebels and coastal pirates around +1340.% Launchers 
are in evidence around +1380, when ‘wasps’ nests’ (i wo féng®) are included in 
lists of army supplies." And after the Ming had begun, they were much used in a 
battle of +1400 when the imperial army under Li Ching-Lung’ was fighting the 
Prince of Yen? (the future Yung-Lo emperor), but though effective they did not 
save the day against him.' 

Yet another relatively late reference concerns the Timurid Persian embassy 
from Shah Rukh to China in +1419, when we find mention of rockets not so 
much for war as travelling on wires to light lamps and other fireworks at cere- 
monies to amaze glittering assemblies. In his diary Ghiyath al-Din Naqqash 
wrote 

* HLC, pt. 2, ch. 2, p. 202, д; WPC, ch. 126. pp. 120, 13a; PL, ch. 12, pp. 500, 51a. 

° "The only similarity was that the handle was curved like a mark of interrogation. 

* We say this because the caption mentions a plug (гал ma*), so that the bore was probably occluded in front 
of ane propellant charge. The barrel was reinforced with iron straps. 

а YCLH, ch. 226, p. 6b, quoting (via Ping Lieh Tshuan Win?) Ya Hai ( 1265). ch. 150, p. 242, & СЕ Chou 
Chia-Hüa (7), pp. 210-11. 

* ‘What relation this could have had with those just discussed (pp. 497 f. above) we do not know, But we 
doubt that they launched rockets. One is, of course, reminded of the ancient military connections of the vehicle 
(vol. 4, pt. 2; p. 260). 

Trug, it was not called a “fire-crossbow’, but at the same time another official, Sung Shou-Hsin??, pre- 
sented other fire-weapons, so the identification is reasonable. Of course it may have been à real crossbow with 
flaming incendiary bolts. 

8 Hsi Ни Erk Chi, ch. 17 (pp. 335-76). CE. p. (83 above, The "great wasps’ nest’ (ta feng kho!!) is here 
described. as including ground-rats, d aA fiel in HLC, pt. T, ch. 3, p. tta, b, or WPC, ch. 130, p. 146. The 
firebrick: (Ma ошату always has.them: 

^ HWHTR, ch. (34 (p. 3994:3)- 

i Meng Shih Lu {Thai Tsung sect. 6), p. 56 (p. 64); cf. Goodrich & Féng Chia-Shéng (1), p. 122, who give 
further references. See also Chang Hsüan' sU Hsi Yuan Wên Chien Luit (Things Heard and Seen in the Western 
Garden), ch. 73. pp. 35. 44, 6, 52. 

1 Te Quatremére (3). p: 387 7; Rehatsek (1). the latter reproduced i in Yule (21, vol. а, p. 282. The log of die 


ex pedition formed the appendix to the Ruzat al-Safa of Muhammad Khàvend Shah. Аа exactly similar passage 
occurs in the Диба Татай of Hafizi Abril, c. Maitra (13, p. go. 
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Fig. 217. Another example of a weapon which though called ‘meteoric’ had nothing to.do with rockets, the 
"Iire-crossbow meteoric arrow-shooter" (hue nu йи sing chien), nor did at have anything to do with crossbows 
either. It was à bamboo fire-iance or proto-gun which shot forth arrows as co-viative projectiles. PL, ch: i2; 


pP 51а. 
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At that season the Feast of Lanterns takes place, when for seven days and nights, in the 
interior of the imperial palace, a wooden ball is suspended from which numberless chan- 
deliers branch out, so that it appears to be a mountain of emeralds; and thousands of 
lamps are suspended from cords. Rats of naphtha are then prepared, and when lit they 
run along the cords and light every lamp they touch, so that in a single moment all the 
lamps from the top to the bottom of the ball are kindled.? 


Actually this use of rockets travelling along cords has come down as a ploy in 
China to our own time, under various names such as ‘the phoenix flitting among 
the peonies' (féng chhuan mou tan').? And it got to the West as well, since we find 
dragons propelled in the same way in +17th-century European pyrotechnic 
books.* 

All in all therefore we shall be fairly safe in placing the Chinese origins of the 
rocket in the second half of the +12th century, no doubt when Hangchow had 
entered that period of great peace and prosperity which it had as the capital of 
Southern Sung.‘ By the time that al-Rammah got to know of them they had been 
in use for something like a century and a half. When, one may ask, did their 
history in the West begin? 

It is generally agreed that rockets“ are first mentioned in connection with the 
Battle of Chioggia between the Genoese and the Venetians in +1380, though 
they may well have been used a little before that.’ From then onwards there are 
many references. By +1405 Konrad Kyeser in his Bellifortis knew that a rocket 
must be a tubular gas-tight container open at one end, with a hollow ‘Seele’ bored 
in its charge, and a stick or arrow-shaft ‘to steer it’. In +1440 Giovanni da 
Fontana knew rocket-propelled missiles well," as did Leonardo da Vinci in his 


2 There is something here reminiscent of the ‘lamp-trees’ which we discussed in the fireworks sub-section 
(p. 136 above). 

^ Sun Fang-To (1), p. 8 (pp. 302-3). 

© Eg. in +1633, Leurechon, Henriot & Mydorge (1), p. 272. Cf. Brock (1), рр. 186—7. Later these rocket- 
propelled *cable-cars' were called courantins (von Braun & Ordway (1), рр. 67-8). And in +1 765 unmistakable 
‘water-rats’ were described by Jones (1) as well. 

4 And in this case it does look as if the ‘flying rats’ were initially a civilian pyrotechnic device applied to 
warfare only rather later. Yet if the rocket stick derived from the rocket-arrow shaft (cf. p. 477 above) the two 
uses perhaps grew up together. 

We are glad to be able to report that our estimate of dating is shared by our friends Mr Hu Tao-Ching, the 
eminent historian of science at Shanghai, and Mr Phan Chi-Hsing, of the Institute of the History of Science in 
Peking. 

© This would be a suitable place to mention the origin of our word ‘rocket’. In old Italian rocca was a distaff, 
or a quill or bobbin for silk-winding, hence a long thin tube (Skeat), and the same word was also used to denote 
a wooden sheath that covered the sharp points of lances during combat exercises (v. Braun & Ordway). 

г Danduli Chronicon, in Muratori (1), vol. 12, p. 448 (igne imissio cum rochetis), vol. 15, p. 769 (furono tirate molte 
rochette) ; cf. Partington (5), рр. 174 184; Hime (1), рр. 144 F. The date is just about what one would expect for 
Europe. 

8 Partington (5), pp. 147-8. 

^. Ја. pp. 161—2. Fontana also proposed a rocket-driven vehicle on four wheels; cf. von Braun & Ordway 
(2). opp. p. 68. This strange device reappeared in actuality during the Indian Mutiny of 1857 (ibid. p. 116). 
Giovanni da Fontana may well have drawn directly from Chinese sources, because in a work of +1454 he 
makes a reference to ‘my true friend Constantine of Venice, who for many years travelled about in the realm of 
the Great Khan’. See Birkenmaier (2); Thorndile (12); Clagett (4) and Lynn White (20), p. 8. Other 15th- 
century references are given by Brock (2) pp. 158 8. 
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Codex Atlanticus (+1514) and other MSS.* Rockets applied both for war and for 
peaceful pyrotechnics were now commonplace, and in the + 17th century there 
grew up a large literature on them, from which one need only mention Ufano (1) 
in 1613, Appier-Hanzelet (1) in 1625, and Furtenbach (1, 2) in 1629 and 1650.^ 

But for some reason or other, probably the early and rapid development of 
gunnery in Europe, rockets played no great part in warfare after that, being 
mainly confined to firework displays.* India was the part of the world where the 
rocket-arrow achieved greatest prominence, and from the time of the Mogul 
emperor Akbar (r. +1556 to +1605) onwards.* No records which would fix the date 
at which India received the rocket-principle from China have been found, but it 
must have been some time in the t 14th or +15th century, for the oldest literary 
reference which Gode* could find was of about +1500, the Kautukacintamani by 
Prataparudradeva of Orissa.! This agrees with the earliest historical references 
which Winter noted, namely in +1499, possibly +1452;8 and it is certain that 
Duarte Barbosa saw pyrotechnic rockets when attending a Brahmin wedding in 
Gujerat in +1515." The word for rocket in Sanskrit is ban, bana;' which explains 
the following passage written by Francois Bernier concerning an event of which 
he was an eye-witness in +1658. After describing the battle-array, cannon, 
swordsmen, etc. of the prodigious great Mogul armies in the combat of Aurung- 
zeb against Dara at Samugarh, he goes on to say that ‘they hardly made use of 
any more art than what hath now been related; only they placed here and there 
some men casting dannes, which is a kind of granado fastened to a stick, that may 
be cast very far through the cavalry, and which extremely terrifieth horse, and 
even hurts and kills sometimes’ } 

But it was in the late t 18th century that military rockets became really prom- 
inent, especially in the Second, Third and Fourth Mysore Wars,* during the last 
twenty years from +1780 onwards. Haidar Ali, the Raja of Mysore, then in- 
vaded the Carnatic, but soon dying, his struggle against the British was carried 
on by Tipü Sahib his son. Before the fall of Seringapatam and Tipü's death in 
1799, these princes had had 6000 rocketeers in their armies, and the East India 
Company’s troops suffered severely from them. 


* Partington (5), p. 175. Interestingly, he describes various kinds of ground-rat bombs (McCurdy (1), vol. 
2, pp. 198, 203-4, 219). 

5 Cf. Kalmar (1); Partington (5), pp. 167-8, 177. 

€ Brock (1), pp. 181 ff. a Cf Elliott (1), vol. 6, р. 470. 

* (7), рр. 12, 19. | 

f£ References continue in later works, such as the Rukmini Svayamvara by Ekanatha (+1570) and the Rāmadā- 
sa Samagra Grantha by Rámadasa (+1650). 

* (1), pp. gf. Winter lists fourteen other accounts, including the Battle of Gwalior in +1518, Akbar's 
expedition to Gujerat in 1572, Aurungzeb’s campaigns of 1657 onwards, the fights against the French in 1750, 
the Maratha wars after 1792, and finally the last appearance of rocket-arrows in the attack on Jhansi as late as 
1858. 

^. (1), vol. т, p. 117. Cf. Gode (7). 

i Gode (7), p. 20, says that it may be connected with a similar earlier word meaning arrow, but suspects а 
borrowing from some other language for the meaning of rocket. 

i (1), p. 40; 1671 ed., p. 109. 

* See V. Smith (1), pp. 540 f., 585 d. 
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As Winter says,” the rocket became far more extensively employed in India 
than in any other nation during the +17th and - 18th centuries, perhaps be- 
cause of a certain lack of barrel firearms, especially light artillery. No one ever 
described it better than Quintin Craufurd, writing in +1790.” 


It is certain, that even in those parts of Hindostan that never were frequented by 
Mahommedans or Europeans, we have met with rockets, a weapon which the natives 
almost universally employ in war. The rocket consists of a tube of iron, about 8 in. long, 
and one and a half inches in diameter, closed at one end. It is filled in the same manner 
as an ordinary sky-rocket, and fastened toward the end of a piece of bamboo, scarcely as 
thick as a walking-cane, and about 4 ft long, which is pointed with iron. At the opposite 
end of the tube from the iron point, or that towards the head of the shaft, is the match. 
The man who uses it, points the end that is shod with iron, to which the rocket is fixed, 
to the object to which he means to direct it; and setting fire to the match, it goes off with 
great velocity. By the irregularity of its motion, it is difficult to be avoided, and some- 
times acts with considerable effect, especially among cavalry. 


Craufurd even used a pile of Indian rockets for the cut on the title-page of his 
book (Fig. 218). Their average weight was about 9 lb., though it could go up to 
30, and their usual range was 1000 yards or more, though they could in certain 
conditions carry two and a half times that distance.* The usual armament was 
an arrow-head, but the rockets sometimes bore automatically fused bombs, and 
were often provided with various kinds of launchers. 

This Indian rocketry led directly, and perhaps unexpectedly, to a great de- 
velopment of military rockets in Europe.? William Congreve (+1772 to 1828) who 
rose to the rank of Major-General in the Hanoverian service, and shone in the 
dignity of F.R.S., was directly inspired by the Indian example,* and engaged in 
many experiments with (and.much propaganda for) rockets from 1804 onwards, 
to such good effect that a Rocket Brigade or Regiment was formed in 1808! It 
was urged that since no wheeled carriages were needed, rockets* gave ‘to cavalry 
the power of artillery’, and that when provided, every carriage, because of the 
lightness of the projectiles, was ‘a volley-carriage, instead of being armed with a 


"(Us pe 23. 
ь (1 pp- 29475. and ed., xot 2, рр. 54. Craufurd was а Scot who made a fortune in Asia and died in 
París; cf. Partington (5), p. 232. 

* Winter (1); Baker (1), p. 12; Gode (6), p. 222 quoting Moor (1), p.509- The sticks were in fact often то or 
ia fL long. One of Moor's remarks suggests a connection with the Chinese grounderats, for he says that ‘others 
called ground-rockets have a serpentine motion and on striking the ground rise again and bound along till their 
force be spent’. 

2. The story has been told many times, as by Corréard (1); Gibbs-Stnith (10); Brock (2); Hime (1); Winter 
(3):Baker- (1), pp: 13 ff; von Braun-& Ordway (1), pp. 69 f. рр. 93£, (2). рр. 30 £.; Reid i1), pp. 184, 186; 
Katafiasz (1). 

* Ashe himself tells us in his introduction; Congreve (3), 

"Brock (2); pp. 158. Other armies soon followed suit, e. i аг of Austria, Russia, Switzerland, Mexico 
and Bengal. 

2: The Congreve rockets went up to 32 Ib. with balancing poles 16.ft long; and carried incendiary, explosive 
or shrapnel war-heads; their range could exceed 3000. yards. They were fired from tripod launchers, or from 
specially graded ramps in fortifications, юг from ‘scuttes’ within the hulis of ships: СЇ. Congreve (1, 2). 
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single bouche-à-feu'. Moreover, rockets carried their own recoil, as it were, with 
them, so that they were particularly suitable on shipboard for naval actions. In 
due course the Rocket Brigade saw a great deal of service,* including a consider- 
able role at the Battle of Leipzig in 1813" and even a presence at Waterloo two 
years later. As time went on, further improvements were made, such as the 
invention of the spinning 'rotary' rockets (which needed no stick) by William 
Hale about 1840,° and these were used during the American- Mexican war of 
1846-8. But the Achilles’ heel of all the early nineteenth-century military rock- 
ets was their great inaccuracy of delivery, especially at long ranges,‘ as that after 
the thirties of the century the steadily increasing precision of conventional artil- 
lery and small-arms led to their virtual disappearance. By 1850 the Rocket 
Brigades of most countries had been disbanded. 

It was natural that rockets figured on both sides in China during the Opium 
Wars. Stores of rocket-arrows were found when the Tinghai forts of Choushan 
were captured in 1840.8 In the following year at Anson’s Bay Congreve rockets 
were used, one of which set fire to the largest war-junk there, which blew up with 
all her crew on board.” A dozen years later, in the Canton River, in 1856, Admir- 
al Kennedy wrote that ‘as a rule the Chinese rockets did little harm, as often as 
not doubling back from whence they came’, but ‘опе of our cutters was struck by 
a rocket, which burnt a large hole in her’.' Thus did the rockets of Europe con- 
tend with those of China seven hundred years after their first invention еге 

So now in our concluding discussion we come to the present century and the 
modern period, on which we must be very brief, even though advances almost 
incredible have been made. Neither the Chinese nor the British of the Opium 
Wars could have imagined it, but there is in fact only one vehicle known to man 
that can be navigated more easily in the vacuum of outer space than in our own 


* [ncendiary attacks, all too successful, occurred at Boulogne (1806), Copenhagen (1807), Callao (1809), 
Cadiz (1810), Washington and Baltimore (1814) hence the *rocket's red glare’ of F. Scott Key’s poem; Danzig 
(1813), Algiers (1816) and Rangoon (1824). 

^ Cf. Whinyates (t). 

© Hale (1); Winter (2); Taylor (1), р. 9; Baker (1), p. 14; von Braun & Ordway (1), p. 78, (2), p. 33- 

а This was seen particularly clearly by Scoffern (1) in 1852. It accounts for their sparse use in the American 
Civil War (1861—5). There were also storage problems. Attempts were made to improve rockets, as by Boxer 
(1) in 1855, using two-stage ones, but these found permanent use only in life-saving equipment (p. 506 above), 
and for signalling, and whaling. 

* They continued in use, however, in a sporadic fashion, in colonial African wars until the end of the 
nineteenth century (von Braun & Ordway (1), pp. 116 £.). Here psychological effect was more important than 
actual destruction. Indeed, they might be said to live again in the anti-tank bazookas of contemporary times 
(Baker (1), p. 66; Reid (1), pp. 257-9; von Braun & Ordway (2), рр. 94 f.) 

г The first encounter of Europeans with Chinese war-rockets had occurred much earlier, in +1637, accord- 
ing to the journal of Peter Mundy, noted by Winter (5), р. 15. At ‘Tayfoo’ or Tiger Island, not far from 
Hongkong, a Chinese naval defence vessel assailed the English ship in that year. ‘Balles of wyldefire, rocketts 
and fire-arrows flew thicke as they passed by us; butt God be praised, not one of us were toutched.’ 

* Jocelyn (1), p. 59- 

^ Ouchterlony (1), pp. 98-9. 

i Kennedy (1), p. 51. His estimate of their inaccuracy may have been an exaggeration. 

i Other descriptions will be found in Bingham (1), vol. т. p. 345; Bernard (1), vol. 2, p. 20. 











30. THE GUNPOWDER EPIC 521 


domestic atmosphere. This is the rocket, though far greater than those they 
knew. Jet-propulsion covers other engines, such as turbo-jets and ram-jets,? as 
well as rockets, but all the former need to take in air at the front so that it can 
burn the fuel and produce the exhaust that rushes out through the rear nozzle. 
The rocket alone needs no air to feed on, and carries within itself the oxidant and 
fuel necessary for combustion and the production of a powerful stream of ex- 
haust gases. As a jet reaction motor it is thus absolutely independent of a sur- 
rounding atmosphere, and indeed in airless space it becomes much more 
efficient since it is free from the drag and resistance of a material medium. 
Moreover, its thrust is independent of its actual forward speed, and it gives full 
thrust at all altitudes, even in the near vacuum of space. With what amazement 
Chiao Yü or Mao Yuan-I would have learnt these things, could they have 
known of them. The rocket has been called the oldest of all practical heat- 
engines, yet the liquid-propellant type which is its modern form uses some of the 
most advanced engineering techniques and materials at present known." 

The words of this last sentence have taken us across a decisive step— beyond 
the classical solid charge of gunpowder. That notable mixture had its oxygen 
built in, as it were, but in the course of time it became clear that separately 
carried supplies of oxidant and fuel, held apart and combusted in an ignition 
chamber, would give far safer conditions and immeasurably more powerful 
thrusts. This was the gateway (it would not be too much to write) to the moon, 
the planets and the stars. The modern period of liquid propellants was ushered 
in by two great pioneers, a Russian and an American, and two engineer- 
propagandists, a German-Hungarian who worked in Rumania, and a French- 
man. The first we have had occasion to mention already (p. 506); he was Kon- 
stantin Eduardovitch Tsiolkovsky (1857 to 1936), a mathematician of deep in- 
sight, who was probably the first to work out the theory of rocket flight, and 


* The history of jet-propulsion as such is a different question. As a principle it must have been obvious from 
the movements of coelenterates and cephalopods, but mankind seems to take many centuries to see the ob- 
vious. At an earlier point (Vol. 4, pt. 2, pp. 163-4, 575-6) we discussed possible explanations of the flying 
automata ascribed to many ancient thaumaturgical artisans, notably Archytas of Tarentum (f. —380), the 
Alexandrian mechanicians, and Chang Héng himself (c. +125); who might conceivably have used jet-streams 
of compressed air or steam, as Heron unquestionably did in his acolipile (ibid. pp. 226, 407). Han Chih-Ho 
(+890) was almost too early for gunpowder, though Regiomontanus (с. +1450) could have used it. On Archy- 
tas and Regiomontanus see Duhem (1), pp. 125-8, 290ff. 

Duhem also tells us (pp. 295 Ё.) of the Jesuit Honoratus Faber, who in +1669 proposed a flying-machine 
driven by a jet of air compressed by men working a pump inside. This idea was apparently continued in a 
notorious design by the Brazilian Jesuit Bartholomeu Lourenço de Gusmao, to which Duhem (1), pp. 297, 
418 f£, (2), pp. 140ff. has given minute attention. Then in +1715 Marc-Antoine Legrand turned to steam as 
the vapour to be employed in his jets (Duhem (1), p. 298). It is not quite clear how serious all these ideas 
were, but they certainly had a post-Renaissance character, and we have no Chinese parallels for them. In any 
case, the principle had no practical application until modern times, when large quantities of combustible fuel 
could be carried on board airplanes to provide the exhaust gases and their thrust. 

It is interesting that we have a familiar example of the jet-principle, two thousand years after the aeolipile, in 
Segener's rotating garden-lawn water-sprinkler (Ley (2), p. 84). 

> This paragraph is based on some formulations of Humphries (1) and Gibbs-Smith (10). Cf. Malina (1) 
and Anon. (161), vol. 1, pp. 578-9. 


522 30. MILITARY TECHNOLOGY 


proposed as fuel liquid oxygen and kerosene or liquid hydrogen.* But if Tsiol- 
kovsky can now be called the father of rocket motor science, the father of rocket 
motor engineering was the American, Robert H. Goddard (1882 to 1945), also a 
university professor, who worked for many years from 1907 onwards with dog- 
ged concentration and very limited support in search of the means of reaching 
“infinite altitudes’ beyond the earth’s atmosphere.° The world’s first liquid-fuel 
rocket’ was successfully launched by him in March 1926, and four years later a 
height of 2000 ft was attained. The one who wrote in German was Hermann 
Oberth (1894 to 1982),° who was associated with the Verein f. Raumschifffahrt 
(Space-Flight Society)’ founded in 1927 and taken over by the Nazis in 1934.8 
They changed the name of the Verein's A 4 to the now universally known V 2, 
and it was one of these vehicles which was the first to leave earth's atmosphere 
and reach airless outer space in October 1942, at an altitude of 52 miles." Lastly 
the French contributor was Robert Esnault-Pelterie, who was active and widely 
read in the late twenties and early thirties of the present century! 

Long before this time of course the gunpowder rocket had become a common- 
place, universally familiar in pyrotechny. Congreve rockets had lingered on 
till almost the end of the nineteenth century, and they had acquired a tried 
and tested place for life-saving at sea, as also for averting hailstorms (cf. p. 528 
below) from 1900 onwards. But rocket-borne aerial photography was being re- 
placed by airplane cameras, rocket signalling was superseded by radio, war- 
rockets were almost entirely out-matched by more accurate artillery, and there 
was only a limited scope in World War I for rockets carrying Verey lights or 
making smoke-screens. It seemed as though there was little future for the use cf 
rockets in war. And indeed we are told that the main aim of the German Verein 
was originally the designing of meteorological rockets- 

Now it is a remarkable fact that the whole of the new movement, the study of 
liquid propellants, derived not from military rocketry, nor from traditional 
pyrotechnics, but rather from the idea of the ‘plurality of worlds’, and the con- 


a See von Braun & Ordway (1), pp. 121 ff; Baker (1), pp. 17 F. His works have been translated into English 
(1-4): Cf. Petri (7). С 

^ See Baker (1), pp: 22; von Braun & Ordway (2), pp. 43 £; Ley (2). pp. 1068; Taylor (1), pp. 16-18. 

© Hiis classical papers сате in 1919 and 1936; cf. Goddard (1, 2). 

з Using liquid oxygen and petrol. 

© See Ley (2), pp. 113f[; Baker (1), pp. 27ft; Taylor (1), pp. 16-18. For his influential books, Oberth 
it, 2). ae : 

* Ley (25, pp: rari. He was later at the Peenemünde base, where the German war-rockets were developed; 
cf. Ley (2), pp. 184ih, 2048: He alone lived to see the Cape Canaveral operations. 

s Cf. von Braun & Ordway (1), p; 139; Taylor (1), p. 21. 

^ "This. 46-i rocket was driven: by liquid oxygen and ethyl alcohol, led. to the. combustion chamber by 
turbo-pumps working on steam formed fram hydrogen peroxide catalysed with sodium permanganate. See Ley 
(2). p. 226; von Braun & Ordway (1), p. 147i Taylor (1), p. 23. 

{ See Esnault-Pelterie {т э). There were other names of some: honour in this roll-call too. Nikolai Ivano- 
vitch- Kibalchich: (d. 1882). developed: the idea of. vectored thrust, ic. the swivelling of exhaust nozzles to 
change the direction of the rocket's Aight-path. Hans Ganswindt; active about a-decade later, designed. (long 
ahead of iis iine) a reaction-powered spaceship. And Eugen Sánger coóntinded the movement in the thirties. 
On these see Baker (1), p. 15; Ley (2), pp. ui. 

+ Ley (2), рр: 89E CE pp. 527 f£. below. 
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viction that reaction-motors were the only way that man could ever take to reach 
them. Goddard stands in a line of descent, not from Chiao Yu, Тіра Sahib and 
Congreve, but rather from Chang Héng,* Lucian and de Fontenelle. At an ear- 
lier moment? we found a good deal to say about the role of Chinese thought in 
the dissolution of those so long dominant European notions, the Aristotelian 
crystalline celestial spheres, and the perfection and immutability of the heavens, 
after it became known in the West through the Jesuit mission in the +17th and 
+18th centuries." Lucian's True History of the men in the moon, with Cicero's 
Somnium Scipionis, were written before these doctrines had become riveted on the 
world-view of Christendom, but in the t 17th century Europe broke free, and а 
whole succession of writers described extra-terrestrial voyages. Thus one could 
say that the Chinese invention of the rocket, coming to Europe in the +14th 
century, was complemented by Chinese ideas about infinite empty space which 
reached Europe by the end of the +16th.* 

Indeed, as Schafer has put it. “Tours of space were a commonplace in ancient 
China." Accounts of them! long preceded. Chang Héng; in the Lun Héng?, for 
instance (+83), we find one about a Taoist, Hsiang Мап-Ти?, who spent some 
years on the moon.” Recently, Cadorna (1) has translated one of the Tunhuang 
manuscripts in the Stein Collection! which tells how a famous Taoist astro- 
nautical master, Yeh Ching-Néng*, conducted the Thang emperor Hsüan 
Tsung, about +718, to view the palaces of the moon) As Schafer says,* ‘The 
great palace of the moon ... though not the abode of any deity of the first rank, 
was often rather fully portrayed in Chinese, both in poetry and prose, especially 
as a palace of ice crystals', an intensely cold, angular, crystalline, brittle habita- 
поп of extraordinary spirits, like, yet unlike, men, In spite of the appearance of 


* ‘The great * znd-century astronomer himself wrote, in his Ssu Hstian Fut. of an imaginary journey beyond 
the sun. 

® Vol. 3, pp. 438 8. 

* There is an interesting recent book by Dick (1) on the notion of the plurality of worlds, though it ignores 
the role of Chinese thought in the liberation of European ideas. 

* One need only name Francis Godwin, John Wilkins, F.R.S., Daniel Defoe and Miles Wilson. The genre of 
scientific romances has been brilliantly reviewed by Nicolson (1, 2). At the same time the ancient works, which 
had fain dormant during the millennium of dominance, were revived and broadened men's thinking once 
again. 

° The case is reminiscent of some others previously encountered. For example, it has been said that "just as 
Chinese gunpowder helped to shatter European feudalism [after the +15th century], so Chinese stirrups had 
originally helped го set it up’ (Needham (47), pp. 286—9). 

(26), pp. 234 £., cf. (27). Generally we are not told verv much about the nature of the vehicles employed, 
and the extra-terrestrial travel is often magical, but she point is thar for the ancient and medieval Chinese it 
vas in по way unthinkable. 

= Doubtless arising in the first place from the magic fights of shamans; cf. Vol. 2, pp. т 

p. 5688. 

" "re Forke (4), vol. 1, pp. 340-1. Wang Chhung? of course didn’t believe it. 

* 5 6856. An earlier translation was that of Waley (31), рр, 139 
- 5 Тћеѕате storv.is iti the Tao Tsang's Thang Yeh Chen Jen Chuan® (Biography of the Perfected Sage Yeh of the 
Thang), 7T 77i. 

* (26), pp. 194-5. 
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some lunar beauties, the emperor could not stand the cold, and begged to be 
taken back home, which Master Yeh duly did. 

In the nineteenth century all these traditions crystallised into what we now 
call science fiction, on which there is a large descriptive literature," and it was 
works of this kind which, on their own explicit statements, had the greatest 
influence on the pioneers of modern rocketry. Reaction-motors, to be sure, were 
not the only means of inter-stellar flight envisaged;” there were also imaginary 
anti-gravity substances," and of course great cannon pointing to the stars.‘ 
Tsiolkovsky was inspired by Eyraud, Jules Verne, Dumas and Greg; Goddard 
and Oberth in addition by Lasswitz and H. G. Wells. And not only was the 
cosmic navigational tradition primarily responsible; it would also be justifiable 
to say that the military rocket-missiles of World War II and subsequently were a 
spin-off or by-product of the peaceful urge for space research and exploration. 
May it be granted that the former do not overwhelm the latter. 

In due course all the pioneers of liquid-fuel rocket flight were sucked into the 
maw of military preparations. Goddard was eventually aided by the American 
army and navy development establishment (1918), while the Verein's Berlin 
Raketenflugplatz was supported by the German military from 1932 onwards.* 
Four years later GALCIT' was formed, under the direction of Theodore von 
Karman,’ with Frank Malina and Chhien Hsüeh-Sén! among its staff^ signi- 
ficantly it became ORDCIT' in 1945, and applied itself almost entirely to war 
missiles. Among its achievements was the use of red fuming nitric acid and 
aniline or benzene as the self-igniting liquids; as also the development of strange 
solid propellants such as mixtures of asphalt or polyurethane and potassium 
perchlorate, or sodium nitrate with ammonium picrate.* Other liquid propel- 
lants used today are fluorine, tetranitromethane, liquid ammonia, hydrazine 
hydrate, boron hydride, etc.! If the Russian ‘Katyusha’ and ‘Stalin organ’ war- 
rockets were so effective in World War II it was because they no longer used 
gunpowder charges, but rather guncotton™ and nitroglycerine, still generally 

a Cf, Flammarion (1); Ley (2), р. 41; Morgan (1); Anon. (162); Darko Suvin (1). 

> But these occur in Achille Eyraud’s Voyage à Vénus (1865) and Kurt Lasswitz’ Auf Zwei Planeten (1908). 

* Asin Percy Greg's Across the Zodiac (1880) and H. G. Wells’ The First Men in the Moon (1901). His War of the 
Worlds had appeared three years earlier. 

4 Here of course the type-specimen is Jules Verne's De la Terre à la Lune (1865). In the same year Alexandre 
Dumas wrote a novel with almost the same title. j 

* Taylor (1), p. 21; von Braun & Ordway (1), p. 138. Von Braun, Oberth and Ley, with many others, were 
all appropriated by the American rocketry organisation at the end of World War II. 

f The Guggenheim Aeronautical Laboratory of the California Institute of Technology. On it see Malina (2, 
5); Baker (1), pp. 2; Ley (3); von Braun & Ordway (2), pp. 84-5- 

в Cf. Wattendorf & Malina (1). 

^ Alternatively, Tsien Hsue-Shen. Other Chinese scientists also worked there, notably W. Z. Chien and 


C. C. Lin. 

i Ordnance Department Laboratory of the California Institute of Technology. See Malina (3, 4): Baker (1), 
рр. 736. 

1 Ley (3). 

* Humphries (1), р. 26; Anon. (161), vol. 1, pp. 580—1, vol. 2, pp. 363-4- 

! Cf. Clark (1); Parker (1); Humphries (1), p. 40; Anon. (161), vol. 2, pp. 362—3. 

m Nitrocellulose was discovered by Schénbein as long ago as 1845. 
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with chemically built-in oxygen.? If the Russians were the first to launch a suc- 
cessful earth satellite (1957) and the first to put a man (Yuri Gagarin) into space 
(1961), it was perhaps because of their heavy atomic war-head payloads, which 
necessitated enormous rockets.” Yet nuclear energy may well be the ultimate 
answer to the demands of jet-propulsion for space-flight.* So here again we touch 
upon a paradox already mentioned (p. 506 above) that the very engines which 
would be capable of destroying civilisation itself are the same great rocket- 
motors as those which are opening the way to the planets and the stars. It is 
common knowledge that space probes such as ‘Mariner’ have been sent out all 
over the solar system since 1962.* And finally the first Chinese artificial satellite 
went up in 1970, from the rocket's very homeland," since when there have been 
at least eight more. 

In the end the rocket motor could be the means of the preservation of the 
human race itself, removing it to other habitations as the sun of our solar system 
cools or overheats. It might turn out that the rocket was the greatest single 
invention ever made by man. So in spite of all the perils of guided rocket mis- 
siles still impending, those Chinese who first experimented successfully with 
*flying meteoric ground-rats', though we may never know their names, have 
been extraordinary benefactors of humanity, and citizens of no mean city. 


(20) PEACEFUL Uses or GUNPOWDER 


Since our mind has been running so much on rockets in the preceding pages, it 
will make an easy transition to begin with those same devices applied to reli- 
gious observance and weather control, as also the exploration of the earth's 
upper atmosphere. Then we can go on to consider the even more universal role 


a Taylor (1), pp. 23-5; Ley (2), pp. 190 @.; von Braun & Ordway (1), p. 160; Popescu (1). 

^ Von Braun & Ordway (1), pp. 162, 176; Taylor (1), pp. 92, 144 @; Popescu (1). The American ‘Apollo’ 
moon landings followed from early 1963 onwards (Baker (1), рр. 165 ff; von Braun & Ordway (2), pp. 172, 
218-19). Fig. 219. 

* Humphries (1), p. 194; Anon. (161), vol. 2, pp. 366-7. 

4 Sokolsky (1) takes the story to 1974, Buedeler (1) to 1979, and Cornelisse, Schóyer & Wakker (1) to 1981. 
Here we reach the truly professional level of current research. The reader equipped with mathematical, chem- 
ical or metallurgical expertise will find whole series of collective volumes which discuss the latest advances in 
our knowledge. For example, there is Progress in Astronautics and Rocketry, which began in 1960 and numbers 
some fifty volumes at the present tirne; all under the aegis of the American Rocket Society. 

© Taylor (1), pp. 146; von Braun & Ordway (2), pp. 164; Baker (1), pp. 135 F; Ley & von Braun (1). 

г The two-stage motors burnt dimethyl hydrazine as fuel and nitrogen tetroxide as oxidiser; they could 
reach at least 4000 miles in surface-to-surface flight, and with a third stage could put a satellite into geo- 
stationary orbit at an altitude of some 23,000 miles. Cf. Hewish (1); Anon. (163). 

New launches of space rockets have taken place in 1982 (Jen Min Jih Pao, 14 Jan. reprinted in CKKCSL, 
1982, no. 2, go). And a submarine-based carrier rocket was successfully tested in October (China Pictorial, 1983, 
no. 1). On China's first communications satellite, lofted by a three-stage rocket on 16 April 1984, see Yang 
Wu-Min (1). 

* "Today the rocket vehicle looms very large in the imagination of all those who are conscious of the vastness 
of our universe, and inspires the engaging fantasies of eminent scientific men. For example, Francis Crick (1), 
the molecular biologist, finding difficulty in accounting for the origin of life on earth, imagines a rocket space- 
craft which could have brought it (in the form of eukaryote bacteria) billions of years ago, from some other 
civilisation in our own, or some other, galaxy. Of course, this ‘directed panspermia’ only puts the problem 
back another remove. 
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Fig. 219. The Apollo 14 blast-off in 1971 (Baker (1), p. 219). 
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which gunpowder has played in rock-blasting by miners and civil engineers con- 
cerned with roads, railways and waterways. 


(1) Ceremonial and meteorological rockets 


The recreational use of gunpowder in fireworks, especially rockets, has been so 
widespread in all parts of the world for so long, and so many good histories of 
them exist,* that we need say no more of them here. But the meteorologists soon 
found rockets invaluable for exploring the nature of the upper air and the fringes 
of space. We have already had occasion to mention meteorological rockets 
(р. 522), and indeed they are in active use at the present day.” Sounding- 
rockets go up to the hundred-mile altitude level, launching-rockets that carry 
payloads such as satellites reach two or three hundred miles, and are effectively 
in outer space. A great many types have been used, such as the ‘Viking’ and the 
‘Datasonde’; and some, such as ‘Aerobee’ and ‘Skua’, still аге. The instruments 
with their readings are often recovered by parachute.‘ Their sensors have given 
meteorologists a great wealth of data, on winds, temperatures, the earth's 
magnetic field, the ionosphere, cosmic rays, infra-red and ultra-violet radiation, 
X-rays, etc. 

But rockets have also played a part in that other, even more prestigious (if still 
in some sense equivocal), branch of meteorological endeavour known as *weath- 
er modification'.* In November 1946 Vincent Schaefer made the fundamental 
discovery of glaciogenesis when he dropped dry ice! pellets from an airplane on 
to a cloud, which within five minutes gave a snow shower. It was quickly real- 
ised that the provision of nuclei for snowflake, hail or raindrop formation was 
the issue, and in the following year Bernand Vonnegut, searching the literature 
for the crystal forms most similar to ice, suggested the iodides of silver and lead.$ 
So arose the technique of ‘cloud-seeding’, which since that time has become so 
world-wide a practice that laws have even been introduced to control it. The 
effect may also be produced just by the shock of an explosion, hence rockets 
carrying charges, as well as those with silver iodide, have come into use. 


а E.g. Brock (т, 2). ^ Cf. von Braun & Ordway (2), pp. 150ff. 
© Cf. Firiger (1); Almond, Walczewski et al. (т); Schmidlin, Ivanovsky et al. (1). 
Russian geophysical rockets have sometimes shot up, and safely recovered, living experimental animals, 

such as dogs, recalling the +18th-century experiments mentioned above (p. 506), but more usefully. 

* See the book of Dennis (1). f Solid СО». 

£ On the growth of snow-crystals see Mason (1). It was J. K. Wilcke in +1761 who first made snow-crystals 
artificially, and this bore fruit in the following century when iodoform and camphor were found to be nucleat- 
ing agents; cf. Dogiel (1) and Spencer (1). In our own time Mason & Maybank (1) have shown that particles of 
clays and other minerals from the earth's surface are more probably the cause of precipitation than meteoric 
dust. One of these agents is gypsum (calcium sulphate), and this salt was mentioned as a six-pointed crystal, 
precisely in this context by Chu Hsi!, the great Neo-Confucian philosopher and naturalist, in the +12th 
century. The hexagonal symmetry of ice-crystals was in fact known in China long before Europe; by Han 
Ying? about —135, and many other students of Nature, earlier than Johannes Kepler in +1610, as has been 
shown by Needham & Lu Gwei-Djen (5). 
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Unfortunately the results are not always reliable and conclusive, nor statisti- 
cally certain; controlled experiments are very difficult to carry out, so that the 
subject is still to a certain extent controversial. In a recent study Mason (2) has 
considered three programmes, one in Tasmania, one in Florida, and one in 
Israel, but only the last has shown consistently positive results over several 
years. Sometimes the technique works, sometimes not. Nevertheless it is very- 
widely employed, and when I used to holiday in the Sarthe, in France, years 
ago, I remember being shown rockets which the vineyard workers used to shoot 
off at impending hailstorm clouds in order to get them to discharge their hail 
before ruining the wine-grapes.* The technique is hard to use because of the 
height and speed of the clouds. 

Horwitz (8), the only historian, so far as we know, who has tried to trace the 
origins of the empirical practice, thought that it became widespread only to- 
wards the end of the nineteenth century. There may have been more than one 
root of it, for example a general belief, hard to document, that big battles brought 
on unusual rain, and a folk-superstition that weather-witches causing whirl- 
winds could be shot if one fired guns into the аіг. But Horwitz found in the 
autobiography of Benvenuto Cellini (+1500 to 71) an early reference to the letting 
off of cannon at storm-clouds, with good results;? and something similar occurs 
in a book on thunder by Abraham Hosemann in +1618. No other relevant 
passage has been reported. 

But in spite of its seeming modernity, the idea of weather modification does 
not appear to have originated in Europe. In South-east Asia we find a large 
group of folk customs which consist essentially in firing off large conventional 
rockets at the storm-clouds of the monsoon, with the double objective of honour- 
ing the tempest spirits and initiating the precipitation of rain. We may take as 
a typical example the ceremonies at villages near Chiengmai in northern Thai- 
land.* First, the home-made rockets, mounted on bamboo biers or carriers 
decorated with branches, rest for some days in front of the stupa of the local 
Buddhist temple (wat) before being carried into the rice-fields' for firing; then to 
the accompaniment of gongs and drums they are taken to the launching-ramp 


а See Foote & Knight (1); Dennis (1), рр. 75-6, 206-7, 208 f., 232 ff. Hail-storms are among the greatest 
dangers for the vignerons (cf. Lichine, Fifield e! al. (т), p. 35, 116, 433, 538; Schoonmaker (1), p. 162). They 
can wipe out a valuable crop completely. On the French anti-hail measures see Dessens (1); on the Russian 
anti-hail rockets see Bibilashvili et al. (1) and Dennis (1), fig. 5. 14. Fog dispersal is a related subject, on which 
see Dennis (1), pp. 163 ff. 

> Wuttke (1), p. 283, § 444. 

* Bettoni ed., vol. 2, p. 56; Goethe tr. vol. 44 (vol. 2), p. 334. 

4 (1), p. 121. 

* Studied and photographed in 1965 by Mr Hugh Gibb, to whom we are grateful for much information and 
many pictures. He also followed the ceremonies at Nongkhai in northern Thailand. 

"There is no irrigation in these parts, so people are particularly dependent on the monsoon rain. In central 
Thailand, where extensive irrigation systems exist, the rocket custom does not. In Cambodia at Angkor the 
farmers also depend on rainfall because the Khmer irrigation systems of old have disappeared. Hugh Gibb 
witnessed rain-making ceremonies there in which water was splashed on kneeling women by Buddhist 
priests— there were no rockets. He suggests therefore that the rockets were Laotian or Thai (and ultimately 
Chinese) in origin, rather than Mon-Khmer. 
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tower (Fig. 220)* and at the right moment let off by a man who climbs up and 
lights the fuse. Very often this is a Buddhist priest or abbot,” and the bhikkus 
always supervise the firing? This custom is attested from many places in Laos? 
as well as Thailand, and the Tai people of the Hsi-shuang-bana region in Yun- 
nan.* 

Another first-hand description has been given of a similar custom at the vil- 
lage of Nong-song-hong near Nongkhai, the Bun-bang-fai (Deed of Rocket- 
firing). The rockets were very large indeed* and sometimes decorated with 
wooden serpent-head (naga) carvings; the rationale was said to be the placating 
of the rain-gods, so ensuring a good harvest." Winter (5) found further examples 
of large commemorative rockets in Burma, but there essentially at the funerals of 
Buddhist priests. This certainly goes back to the beginning of the last century, 
because William Carey’ described it in 1816; the pyre was lit by rockets running 
along cords, and at the same time large rockets were set off) This Burmese 
custom is attested from 1839 by Malcom‘, and certainly continued into this 
century;! indeed it is said to go on still. The roles of Chinese and Indian influence 
respectively in these intermediate countries have not yet been elucidated, but 
there is an interesting passage in the travels of Tavernier™ which shows that in 
the +17th century China was still looked to as the home of pyrotechnic art.” 
About +1645, during his stay in Western Java, he was present on an occasion 
when at the court of the King of Bantam: 


There were five or six captains seated round the room, examining some fire-works which 
the Chinese had brought with them, such as grenades, rockets, and other things of that 
kind, some running upon the surface of water°—for the Chinese surpass all other nations 
of the world in this respect. 


2 Many are over 40 ft high. The long bamboo stick or tail of the rocket is prominent. 

5 The rockets frequently have nagas painted on them, symbolising the serpent-king having dominion over all 
waters, parallel to the /ung! or dragon, in China. 
Sec the description of the ‘sky-rocket festival’ (Bun-bang-fai) in NE Thailand by Klausner (1), pp. 89 f. 
Cf. Winter (1), pp. 7-8. 
On these see Alley (9), p. 9. Here some of the rockets are, or were, three-stage ones. 
By Winter (5), pp. 12 f. 
The bamboo guide-stick was measured as 45 ft in length. 
Local tradition took it back a thousand years, which would be an exaggeration, but not necessarily a very 
gross one. 

i (1), pp. 188-90. 

ј He mentions the size as 7 to 8 ft long and 3 to 4 ft in circumference. But apparently these too were made to 
nin along ropes more or less parallel with the ground, not pointed upwards at the sky and the clouds. 

* (1), vol. 1, pp. 208—9. Here the rocket cylinders were 12 ft long. He cites another witness who said that a 
single one might contain ten thousand pounds of powder. Both Carey and Malcom described the rockets as 
made of hollowed-out logs bound with hoops of iron or rattan. 

! See Hart (1), p. 124; Kelly (1), p. 174. 

™ (1), p. 360. 

" The passage is quoted by Gode (7), p. 20; Winter (5), p. 14. 

° These would have been the floating rocket-propelled shui lao shu? or ‘water-rats’, on which see p. 473 
above. 
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Fig. 220. The rocket-firing ceremony at a village a few miles east of Chiengmai in northern Thailand; an 

example of an ancient tradition of weather modification, since the large rockets are fired at the storm-clouds of 

the monsoon. The picture shows the rocket being carried up to the top of the tower or launching-pad, specially 

constructed for the occasion in the midst of the rice-fields which at this time of the year are parched and dry. 

The monsoon rains are necessary (in the absence of irrigation) before the rice-plants can be transplanted. The 

actual firing is supervised by the local Buddhist abbot or a bhikku. Photo. Hugh Gibb (courtesy of the BBC). 
For a Japanese (Shinto) parallel see Anon. (262). 
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The connection between the rocket-firing and the monsoon rains is not 
very close, for the rains may come before the rockets are let off, or be delayed 
for a good while afterwards—but this never dampened the belief that there 
was a connection. Some local people, however, deny it, saying that the custom 
is a form of reverence for the Hindu rain-god, Indra. Perhaps what was original- 
ly a practical act became converted with the passage of time into a religious 
observance. 

It is not easy to find out how far back these weather-modification rockets go. 
But in view of the antiquity of the gunpowder rocket in China, it seems over- 
whelmingly probable that they came down from there, and it could have been at 
any time after about +1200.* Today anti-hailstorm rockets are widespread іп 
China,” often locally made, and stationed at many thousands of posts among the 
communal farms up and down the country.* It looks as if a prediction could 
safely be made that somewhere in the vast literature of medieval China? a pas- 
sage or two will be found which will point to the beginnings of the practice of 
using rockets for weather modification—unless indeed the Thais thought of it 
themselves, using the jet-propelled vehicle that came from further north. After 
all, why not? 

Still, our belief is that there was a very ancient ourano-bolic tradition in China, 
as one might call it, a conviction that shooting missiles up into the heavens could 
give useful results. One of the earliest of Chinese legends concerns the ten suns* 
which appeared in the time of the Emperor Yao’, and would have burnt up the 
face of the earth, if the Archer-Lord Hou Yi? had not skilfully shot nine of them 
down." One of the commonplaces of Old China Hands was to make superior 

а [t would be good to find mention of them in Chou Ta-Kuan's! description of Cambodia in +1297, the 
Chen-La Féng Thu Chi?. But though Pelliot (33), p. 21 translated fusées fired from high scaffolds (ta phéng?), the 
text itself (e.g. in TSCC, Pien i tien, ch. 101, p. 265) says only yen huo* (smoke fireworks) and pao chang? 
(fire-crackers) as big as trebuchet bombs ( hao), let off at the New Year ceremonies. Chhen Chéng-Hsiang 
(2), p. 53, has no comment on this passage. Cf. Pelliot (59). 

^ And guns and anti-aircraft guns too. 

* Cf. Anon. (164). Our friend the climatologist Thu Chhi-Phu confirms this information. Some can attain 
an altitude of a mile or more. 

d The only clue we have is an intriguing note which occurs in Bastian's account (1) of his travels in China. 
In vol. 6, p. 410 he reports, without any reference, a remark said to have been made by the Khang-Hsi emperor 
about +1695: ‘If the lamas seek vainly to drive away the rains on the Gobi desert by firing off cannon, it must 
be because such a practice is lacking in respect for the spirits of the lakes and rivers.' One would not expect the 
custom so far north, and one can only hope that further research will throw more light on the whole matter. 

© There can in fact be nine supernumerary or ‘mock’ suns in a complete parhelic display, brought about by 
ice-crystals in the upper atmosphere; see Vol. 3, pp. 473 Ё. The legend must surely have originated from this. 
Parhelic phenomena were first described in Europe by Christopher Scheiner in +1630, but (as Ho Ping-Yü & 
Needham (1) found) a full thousand years before that, all the components had been named and noted in the 
Chin Shu, ch. 12, pp. 8a-95, tr. Ho Ping-Yü (1). 

£ The legend is very old in China; see Granet (т), pp. 377 ff. and passim. One of the earliest references is 
that in the poem Thien Wén? (Questions about the Heavens) perhaps of the —5th century (Chhu Tzhu Ssu Chung, 
р. 56; Hawkes (1) tr., p. 49). Another is in the Chao Hun!? (Calling Back the Soul) probably by Ching Chhai,"! 


c. —240 (Chhu Tzhu Ssu Chung, p. 120; Hawkes, ibid. p. 104). The locus classicus is in the Huai Nan Tzu book, ch. 8, 
pp- 54, ба, tr. Morgan (1), p. 88. See also Werner (1), pp. 181—2, (4), р. 470; Allan (1), pp. 301 ff. 
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comments on the noise of gongs, drums and fire-crackers* with which people 
continued to salute solar and lunar eclipses centuries after their true nature was 
well known among the literati, but this again had an ourano-bolic element because 
it was associated with an Immortal named Chang (Chang hsien'),” essentially 
an archer who used his bow to shoot at the Celestial Dog (Thien Kou’) sup- 
posed to be devouring the luminaries;* and guns were frequently let off at him.? 

These practices go back very far. In the Tso Chuan for the 4th year of Duke 
Chao (—537) one can find an interesting reference to weather phenomena in 
connection with shooting.* 


In the spring, in the first month of the year according to the imperial calendar, there fell 
much hail (раоз). Chi Wu Tzu‘ asked Shen Féng?, saying ‘Can one stop hail from 
falling?” Shen Féng replied "When a great sage is in power hail does not fall, or if it does 
it causes no harm. Formerly, when the sun was in the northern part of its course, every- 
one gathered up the ice and piled it in the prince’s ice-house.... When it was taken out 
for use, people took peach-wood bows, and arrows of jujube-wood, to shoot and chase 
away all evil influences. ... If this was done, thunderstorms, frost and hail did no harm, 
and the people suffered no epidemic diseases.'8 


Whether the bows were pointed upwards to the sky the text does not say, but 
very likely they were. Then at the other end of history, in +1695, we have a 
curious story describing the customs at a place in Kansu province, and now the 
link with gunpowder technology comes out clearly, though there is no word of 
rockets. Liu Hsien-Thing wrote as follows:" 


Mr Tzu-Théng* said that in the neighbourhood of Phing-liang, in the fifth and sixth 
months of summer, there were often violent gusty winds bringing yellow clouds down 
from the mountains along with icy hail, the biggest stones of which were the size of one's 
fist, and the smaller like chestnuts. It ruined people's crops like a diabolical disaster. As 
soon as the local people saw such a cloud coming they beat upon gongs and drums, and 
fired off cannon (chhiang phao’) to disperse it. Sometimes they hit it fair and square, and 
then yellowish (lit. blood-red) rain fell, and so the cloud gradually disappeared. 

Sometimes it entered the mountain-caves, and people pursued it there and sur- 
rounded it, after which they smoked it out with gunpowder. After a long time what was 
in there died, and when they dug it out they found either a big snake or a big toad, and 
every one had a piece of ice in its belly. 


a Cf. de Groot (2), vol. 6, pp. 941 ff. 

^ Patron saint of pregnancy and childbirth since at least the + 10th century; see Doré (1), vol. ті, рр. 981 Е; 
Werner (4), pp. 34 ff. 

© Grosier (1), Eng. tr., vol. 2, p. 439; Werner (1), рр. 177 F., (4). p- 469. 

3 Williams (1), vol. 1, p. 819. 

* Qur attention was drawn to both the following passages by Dr Wang Phéng-Fei of the National College of 
Meteorology, Nanking, at the request of our friend Dr Thu Chhi-Phu. Р 

f Peach-wood was a classical demonifuge in China. Cf. Fig. 1362a in Vol. 5, pt. 3- 

2 Tr. Couvreur (т), vol. 3, pp. 70 £., eng. auct. 

^ Kuang-Yang Tsa Chi, ch. 3 (p. 158), tr. auct. 
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Apart from the piece of mythological embroidery at the end, the passage, 
referring to about +1680, points rather clearly at ourano-bolic activities in which 
rockets could easily have been involved. The practice of using firearms against 
hail-storms is moreover attested by oral tradition from Hobei in the Ming 
period (+1400 onwards.) All this, in sum, may be regarded as supporting a 
Chinese origin for the weather-rockets of the south. 


(ii) Rock-blasting in mines and civil engineering 


But the greatest field for the use of explosives in a peaceful context has always 
been rock-blasting, whether in mining, quarrying or civil engineering. Just as the 
history of gunpowder blends into, and was indeed a continuation of, the history 
of incendiary weapons (p. 94 above), so also that of mining explosives was a 
continuation of that of the much earlier technique of ‘fire-setting’. And we find 
ourselves here up against an exact parallel to some of the terminological difficul- 
ties already encountered (p. 130), for just as Auo chien! originally meant an 
incendiary arrow but later on a rocket, the thing changing fundamentally 
though the name did not; so also now when huo shou? (firemen) or huo chiang? 
(fire-artisans) are mentioned, they were in early times assuredly engaged in 
breaking up rocks by fire-setting, while in later times they were using gunpow- 
der. In order to trace, therefore, the development of the use of explosives in 
mining or civil engineering we must make a judgment on other grounds, 
weighing the probabilities in the light of what has already been established about 
the history of gunpowder, and the changes in its composition as time went on. 

What exactly was fire-setting? It must have been noticed in many parts of the 
world in high antiquity that forest fires would crack, rend and split the hardest 
rocks, and it would soon have been found that pouring water over them while 
still hot would increase the effect because of the expansive force of steam formed 
in the cracks.? There may be a —7th-century mention in Jeremiah,” but the 
celebrated description of the Egyptian gold-mines by Agatharchidas of the 
—2nd century, reported in Diodorus Siculus," is precise and unquestionable. 
Thenceforward fire-setting is found in mining all through the ages, in the +11th- 
century Pisan mines of argentiferous galena in Sardinia, or the Rammelsberg 
mines of Germany in +1359. Agricola’s account in +1555 is very detailed. In- 
deed the art survived almost until our own time at Kongsberg in Norway, and in 
Burma, India and Korea, going on two or three centuries after the introduction 

* Diodorus Siculus, v, 2, Booth tr., p. 320, says that the Phoenicians were led to silver mines in the Pyrenees 
by observing the cracked rocks and ore outcrops after such natural fires. Good accounts of the history of 
deliberate fire-setting in the Western world are to be found in Collins (1); Hoover & Hoover (1), pp. 118-19, 
translating Agricola, De Re Metallica, bk. 5; Sandström (1), pp. 28 f., 271 F. 

> xxm, 29: ‘Is not my word like as a fire? saith the Lord, and like a hammer that breaketh the rock in 


pieces?’ Perhaps also Job xxvm, cf. Bromehead (9), pp. 565 ff. 
© qm, 1, Booth tr., pp. 89, 158, given in modified form by Hoover & Hoover (1), pp. 279-80. 
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of gunpowder blasting. According to Collins, gunpowder did not kill it, but 
dynamite eventually did. ‘Hot mining’, as it was called, consisted of lighting 
veritable pyres of wood in the drifts (tunnels) and in stopes (halls) after which, 
when the fumes had cleared away sufficiently, the rock was found to have spalled 
off in large flat chunks. 

Drenching with water was obviously easier in civil engineering than in mining 
operations, but for two millennia a persistent Western tradition held that vine- 
gar was sometimes used instead of water. This seems to have started with the 
account in Livy (—59 to +17) of the widening of gorges in the Alps by the Cartha- 
ginian general Hannibal during his descent into Italy in —218 during the 
Second Punic War. It was continued by Pliny (+23 to +79) in his description of 
gold-mining,” but most modern writers have considered it a myth. Hoover & 
Hoover suggested emending infusa aceto to in fossa acuto," and Sandstróm pointed 
out that since the dry distillation of wood produces *wood vinegar' or pyrolig- 
neous acid, dousing a large timber fire with water would give the characteristic 
smell, and hence a misunderstanding.* We might however be prepared to allow 
that if veins of calcium or other carbonate were present, the resulting gas might 
help the splitting; and this may gain some credence from the fact, generally un- 
noticed, that exactly the same tradition occurs in China, where it would seem to 
have originated independently. For the oldest references are Thang ones, for 
example, the cutting of Li Chhi-Wu's! by-pass canal around the San Mén Hsia’ 
gorge channels on the Yellow River in +741, where vinegar (Asi *) is distinctly 
mentioned. Then in +839 Liu Yü-Hsi) (+772 to +842) was reconstructing a 
road in southern Shensi/ and had to remove large boulders which held up the 
project. In his Liu Pin-Kho Wén Chi* he wrote that ‘blazing coal (or charcoal) was 
used to roast them, and strong vinegar (yen Asi’) poured on them, whereupon 
the rocks were burst into fragments as fine as coal-dust, so that they could be 
swept away (and removed in barrows)'.^ The same prescription occurs again a 
thousand years later in official instructions for building mountain roads in 
Szechuan.! Meanwhile, in +1189 Yang Wang-Hsiu? was on a tour of inspection 
of that-province. He found that 


a certain waterway was dangerous for merchant shipping, so he spent much money in 
paying men to remove the rocks, but they proved to be só hard that they could not be 


^ UXXN37 > 

^ Nat. Hist. XXXI, хх 
453. Р 

e (pono o7 Gh p29 =. 

* Cf. Vol. 4, pt. з, p. 278 and especially Anon. (33), р. 69, with references. 

* "The Western post-station road south of the mountains", ie. the Chhin-ling Shan. 

в We may remember what was said about the concentration of vinegar by the freezing-out process, rather 
than. distilling, in Vol, pt. 4, pp. 152-3, 178.000 o m: he | - 

Cho, pp. gaada (p. 67), tr- auct. adjuv. Hartwell ig}, p. 49- Unfortunately, Hartwell translated Asi in 
this and:the next passage as a alcohol or “strong spirits’. thus missing the point about the use of vinegar. 

* Dated +1739 and quoted in Chao: Hua Hsien Chi? ch. 28, pp. 62-82: cf. Wiens (2), p. 147. 
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уз, Loeb ed., vol. 9, p. 55; another mention js in xxi, xxvii. 60, Loeb ed., vol. 6, p. 
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broken up. When he saw this he started an iron-works to make sledge-hammers and 
chisels from scrap, after which he attacked the rocks with vinegar and blazing charcoal 
fires (Asi chhih than i kung chih'). To this they yielded, and broke into pieces, which could 
be carried away on trebuchet poles (shit wei chih chieh, i phao kan i chhù’). 


£23 


It is just possible, though not at all likely, that Liu Yu-Hsi was indebted to 
Pliny, whose book he could never have heard of; and it is possible, though not 
easily believable, that the vinegar idea could have persisted so long at both ends 
of the Old World if under all circumstances there was nothing in it. 

Be this as it may, however, the introduction of true explosives for blasting is 
much more central to our interest. It did not begin in Europe before the -- 16th 
century,” but the use of gunpowder in mining by Kaspar Weindl in +1627 is 
well authenticated and widely accepted. * Thereafter there are many references 
to the practice, in +1635 at the Nasa silver mines of Lapland, where timber was 


^ Kung Khuei ChP (^ 1210), ch. 91, p. 55. tr. auct. The poles were used as the familiar shoulder-poles for two 
or more men to carry; one would like to think that Yang shot the pieces right out of the gorge, but that is not 
the meaning. The scrap-iron was obtained in the offending sandbank itself, probably from earlier wrecks. 
Hartwell (3), р. 50, who translated a lite more of the passage, thought that the chisels were used to drill holes in 
the rocks for gunpowder charges, but unfortunately this is not warranted by the text. He too noticed the ‘ballista’ 
and supposed that it was used ‘to lift the fragmented rocks’, but we do not think that this is warranted either. 

^ Dates of +1548 and +1572 are given by Li Yen (7) for clearing silt from the River Niemen in Poland, but 
without references. Raffaello Vergani (priv. comm.) put it about +1575 in Italy. How right he was is shown by 
his subsequent publication, Vergani (1). Gunpowder blasting did in fact start in Italy, in the silver mines at 
Leogra below Schio north-west of Vicenza, where Giovanni-Batista Martinengo applied it from +1572 on- 
wards. It must have been used a little earlier in Sicily, for Martinengo, in his application to the Most Serene 
Republic for a mining patent, refers to ‘his new method’ as following the example of the Sicilian miners who 
worked for the Spanish crown. Another instance comes from an account of the papal alum mines at Tolfa in 
Latium (inland from Civitavecchia) written in +1588, describing how charges were let off in holes drilled in 
exposed rock-faces. À third case concerns the mines of argentiferous lead ore in the Zoldo valley north-east of 
Belluno in the Veneto, but no exact date can be given. Ву +1586 the deviating of rivers and the moving of 
mountains is mentioned-in the very title of the artillery manual of Luys Collado (1). 

Seeking to expiain the economic drive that led to the application, Vergani stresses (and documents) the 
umber shortage crisis which affected many parts of Europe at this time, He considers whether gunpowder 
rock-blasting spread north to influence Kaspar Weindl and others, as also whether news of the Central Euro- 
pean successes diffused in time back south again. Spread was certainly slow—-for example in his book of + 1640 
Barba (1) knows nothing of blasting, but it is regarded аз а commonplace in that of delle Fratte е Montalbano 
(1) in +1678. Perhaps this was because the associated techniques were slow in developing; it seems that there 
were no adequate distance-fuses ( funiculi sulbhurati) until the end of the + 16th century. There is no necessity to 
assume any direct influence from China for gunpowder rock-blasting. It was à natural extension of use 
once the explosive as such had become known in the West. from about +1300 onwards, 

‘Two other discoveries are also due to Vergani. As early as +1481 the road between Bressanone and Bolzano 
in the Alto Adige had been opened or widened iħrough the gorge of the Isarco by the Archduke Sigismund of 
Austria using gunpowder, as we know from the travel journal of the German Dominican Felix Faber (1:0, who 
passed thar wav two years later òn his pilerimage to the Holy Land. ‘Dux fecit arte cum igne et bombardarum 
pulvere dividi petras; et scopulos abradi, ét saxa grandia removeri." 

Secondly, in +1560 and +1563 there were two attempts to raise sunken ships by gunpowder in the port of 
Venice, presumably by shifting the mud in which: they were stuck. Or perhaps the idea was.to blow. up the 
wrecks. The first was proposed by Bartolomeo Campi and his brothers, the second by Antonio Surianio, one of 
the Armenian colony at Venice. The fact that gunpowder would explode under water had been known in 
Europe since about + 1440: cf. Partington (5), pp. 152,157. 

© Feldhaus (1), col. 1072; Darmstädter (05, p. 115; Zworykin et al. (0); pp. 104, 780; Watson (1), vol. 
рр. 341 E; Sandström (1). p. 278: Hoover & Hoover (1), р. 119. Some say it was near Chemnitz in pam 
Germanyy others at Banská Stavnica in Czechoslovakia: But Schemnicz was the old. German name for tlie 

Slovak miming town. Hollister-Short (4) has translated the relevant passage from the Berg-Protecollbuct pre- 
served atthe State Central Mining Archives there. He agrees with Vergani about the wood shortage, but calls 
for further documentation of the Italian + 16th-century cases. See also Vozar {1}. Hollister-Short (7). 
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Fig. 221. The beginnings of gunpowder blasting in European mines. A medal struck to commemorate the visit 

of Prince William of Anhalt to the Elizabeth Albertine silver mine in +1694. The princely family is shown at 

the bottom or sole of the main shaft, having descended by the rope railway behind. In the upper cameo on the 

left, a figure is scen setting off a blasting-charge. Diameter 6:3 cm., wt. 84 gm. Photo. Graham Hollister-Short, 
by the kind cooperation of Werner Krober of the Bergbau-Museum, Bochum. 


scarce, in +1643 at Freiberg, near Chemnitz, by Kaspar Morgenstern, and in 
+1644 at the Róros mines in Norway.* Later we hear of its use in +1682 by the 
Staffordshire copper miners," and in 41690 for the boring of the great Lan- 
guedoc Canal tunnel, planned by Leonardo da Vinci but realised two centuries 
later by P. P. Riquet. We need not follow it further into the eighteenth century 
(Figs. 221, 222), but the dates of important accompanying developments are 
worth noting. The earliest and simplest method was ‘plug-shooting’, with holes 
drilled about 2 in. in diameter and 3 or 4 ft еер,“ gunpowder put in loose, and 

a Sandström (1), pp. 278 ff. 

^ Plot (1), p. 165; the tradition was that rock-blasting had been started there about +1640 by German 
miners brought over by Prince Rupert (Partington (5), p. 174). 

© Sandström (1), p. 73. Li Yen (1) gives +1696 for road-making in Switzerland. 

4 Today the holes hardly exceed 1-5 in. in diameter and 1 ft 8 in. in depth. In the slate quarries of North 
Wales the chisel-ended boring tool was known as a ‘jumper’, and gunpowder was the only explosive available 


down to 1854. At one time they got through a ton of it a month at Blaenau. It is still preferred because it does 
least damage to the slate blocks (Morgan Rees (1), p. 6; Wynne-Jones (1), p. 7). 
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Fig. 222. Detail of the cameo showing the miner setting off the blasting-charge. Gunpowder was assuredly the 
explosive used. 


the opening plugged with a wooden bung. In 41686 Henning Hutmann in- 
vented a machine for drilling the holes,* and in the following year Karl Zumbe 
introduced ‘stemming’, or tamping with clay.” It is often said that Hans Luft of 
Clausthal was the first to use carton cartridges fitting the hole in + 1689, but that 
cannot be so because these were reported by Sir Robert Moray in the first 
volume of the Philosophical Transactions in +1665, translating a letter from Mon- 
sieur du Son.* Bickford safety fuse did not come until 1831 in Cornwall, where 
mining gunpowder had been used for a century at least, and then about 1863 
came Alfred Nobel’s dynamite.* This answered to the need for an explosive more 
violent, brisant and shattering than propellant gunpowder, and there were 
many later variants of it.* Such is the story, more or less, of gunpowder applied 
to mining and civil engineering. 


а Darmstädter (1), p. 150. On modern developments see Lankton (1). 

^. [bid. p. 152. The explosive could also be fired on a rock surface after being covered over with tamped clay. 

* Here the hole was made self-closing by greased wedges at the moment of the explosion. An illustration of 
such a cartridge (+1774) is given in Sandstróm (1), fig. 117. 

According to Vergani (2) the merit of introducing water-resistant brass cartridges belongs to Giacomo 
Conedera, in the Venetian mines, from +1694 onwards. 

* A three-to-one mixture of nitroglycerine and kieselguhr. Cf. Anon. (161), vol. 1, pp. 450-1; Darmstädter 
(1), p. 629. 

* Such as blasting gelatin, i.e. nitroglycerine and nitrocellulose. Detonator caps for the cartridges could be 
of picrate, mercuric fulminate or lead azide. Common salt, it was found, would slow the detonation down, and 
reduce the danger of igniting methane or coal dust in the air. At one time this was avoided by filling cartridges 
with quicklime instead of explosive, a device introduced by George Elliott in 1882 (Darmstädter (1), p. 800); 
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Robert Boyle's enthusiasm for the technique was well justified. In +1671 he 
wrote:* 


It has long been, and still is in many places, a matter of much trouble and expence, as 
well of Time as Money, to cut out of Rocks of Alabaster and Marble, great pieces, to be 
afterwards squar'd or cut into other shapes; but what by the help of divers Tools and 
Instruments cannot in some Quarries be effected without much time and toyl, is in other 
places easily and readily perform'd, by making with a fit Instrument a small perforation 
into the Rock, which may reach a pretty way into the body of it, and have such a 
thicknesse of the Rock over it, as is thought convenient to be blown up at one time; for at 
the farther end of this Perforation (which tends upwards) there is plac'd a convenient 
quantity of Gunpowder, and then all the rest of the Cavity being fill’d with Stones and 
Rubbish strongly ramm'd in (except a little place that is left for a Train), the Powder by 
the help of that train being fir'd, and the impetuous flame being hindred from expanding 
itself downwards, by reason of the newly mention'd Obstacle, concurring with its own 
tending another way, displayes its force against the upper parts of the Rock, which in 
making its self a passage, it cracks into several parts, most of them not too unweildy to be 
manageable by the Workmen. 

And by this way of blowing up Rocks а little varied and improv'd, some ingenious 
Acquaintances of ours, imploy’d by the Publick to make vast Piles, have lately (as 1 
receiv'd the account of themselves) blown up or scatter’d, with a few barrels of Powder, 
many hundred, not to say thousand, Tuns of common Rock.’ 


We are now in a position to follow the parallel evolution of the techniques in 
China, and we have to-do them both together, because, as already pointed out, 
Chinese writers make no clear distinction between fire-setting and gunpowder- 
blasting, all, to the scholar-officials, being examples of attacking rocks by fire. 
We can only guess, therefore, what was happening, in the light of the knowledge 
already gained (pp. 358 ff. above) of the development of the explosive mixture. 

'The oldest account comes from before the time of Agatharchidas, and con- 
cerns the activities, about —270, of the great engineer-governor of Szechuan, Li 
Ріпд!, he who built the marvellous irrigation-system of Kuanhsien.* In the Hua 
Yang Kuo Chih’ (Records of the Country south of Mt Hua), a historical geogra- 
phy of Szechuan down to +138, Chhang Chhü? says: 


In Chhing-I* the Mo? river took its rise in the Méng* mountains and flowed through the 
country to Nan-an’, where it joined the Min? river. There it burst against the mountain- 
side, its wild torrent- foaming below the precipice and causing great damage to. boat 
traffic. This long-standing evil Li Ping remedied by sending soldiers to chisel (27409) 
away. the rocks and so rectify the current. Legend relates that this angered the water- 


upon slaking, great heat and. а doubling of volume occurred (Smith (1), p. 595; Durrant (1), p. 351) with 
consequent rock-splitting. These "lime-cartridges' are often mentioned in the Transactions of the Federated Institu- 
tien of Mining Engineers around 1890-5. but they do not seem to have been a great success. 

а Of the Usefulnesses of Experimental Natural Philosophy, Boyle (8), pt. 2, sect. 2, eassy 5. p. 14. 

® Müst.this not have been a reference to the contemporary works af Christopher Wren? 

c Already described in Vol. 4. ptg, pp. 288 E ` 
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spirit (Aui shen!) much, but Li Ping boldly entered the water brandishing a sword, and 
gave her battle. In any case, the work brought satisfaction to the people. Again, the 
ancient Princes of Shu had had a fortified barrier at a place on the river where nature 
had formed a great rapid under a huge overhanging cliff. Li Ping had his men start to 
remove the rocks by cutting and chiselling, but they did not succeed, so he collected 
great amounts of wood, and attacked them by fire (chi Asin shao chih?). That is why the 
rocks at this place sull bear traces of red and white and the five colours. 


During the Han period the technique of fire-setting continued, as witness the 
work of Ya Hsü? and Li Hsi* in c. +120 and +160 respectively. The former 
engineer-official was working on the upper reaches of the Chialing River, and 
made it navigable by “causing the rocks to be fired, and the wood to be cut down, 
tor several tens of li, so as to open the way for the boats to pass’. Another source 
describes how he ‘made his men set great fires to the rocks, and then lead water 
on to them, so that they split in pieces and could be removed with crowbars'.* 
Similarly, Li Hsi, when Governor of Wu-tu between +147 and +167, ‘brought 
the high places low, and made straight the way’ in the widening of the mountain 
roads; he had his men use splay-drills (sun’)* and split the rocky obstructions 
with fire. 

In the Thang there are many further examples (cf. Fig. 223). One finds them | 
particularly in connection with the San Mên Hsia? gorges of the Yellow River,’ 
where Li Chhi-Wu? used steam fire-setting for his by-pass canal in +741," after 
Yang Wu-Lien'* had done the same for trackers’ galleries around + 700! Similar 
work was undertaken by the monk Тао-Үй! at the Lung Mên Hsia” gorge near 
Loyang, to make the rapids navigable in +844 Then of Kao Phien", about 
+862," it is said that’ 


it was difficult to get supplies through, so he surveyed the waterway between Kuang 
(chou, Canton) and Chiao (-chou), and found that there were many huge rocks which 
obstructed the channel. [Ma Yuan" in the Нап" had not been able to do anything about 


? Ch. 3. pp. 7а. 92, тоа, tr. auct., adjuv Torrance (2), p. 68. 
d CHS, ch. 88, p. 45; a translation of the whole passage has been given in Vol. 4, pt. 3, p 26 
* Hsiao Chhaag's? Hii Hou Han Shut, cf. Lo Jung-Pang (6), p. бо. 
* His activity continued during the following reign. down to +188. 
* A special tool normally used for drilling door-pintle gudgeons, i.e. round holes. Its proper technical name 
woud perhaps be some kind of fantail auger or reamer (cf. Mercer (1), pp. 190 Ё.; Salaman (2), p: 390). 
* Cha Chhi-Chhien & Liang Chhi-Hsiung (5), p. 64 
# See Vol. 4, pt. 3, pp. 274 f. On all the works here see Anon. (99), esp. p. Se 
^. Ásalpeady mentioned; see HTS, ch. 53, p. 22, Cf. Twitchett (4 
Chhao Yeh Chhien Tsai, ch. 2, pp. 19а; cf. Pulleyblank (1), p. 
Yang Lien-Shéng (11), pp. 15-16. 
* Kao Phien, the general who campaigned successfully in Annam (+863 to 4), was subsequently legate and 
commissioner against the rebel forces of Huang Chhao!* (+875). 
! CTS, ch. 182, p. 55; tt. auct: phrases in square brackets from the parallel passage in HTS, ch. 224. 
pp. 32, а. 
e Fhe great general (A - 20 io +49) who re-conquered Annam (+42 to b qup. 
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Fig. 223. The removal of rock obstructions to navigation in rivers and arms of the sea, whether by fire-setting 

or gunpowder blasting. A drawing from Lin Chhing’s Hung Hsüeh Yin-Yuan Thu Chi (Mlustrated Record of the 

Events that had to happen in my Life), 1949; cf. Fig. 876 on p. 262 of Vol. 4, pt. 3. This one, from ch. 18, 

рр. 194, 204, is entitled ‘meeting my mother at the Fang rapids’. Trackers can be seen оп the path along the 
river hauling the ship upstream, and the waterway was clearly a dangerous one. 


this, but (Kao) attacked them (kung!)], hiring workmen who had the technique of get- 
ting rid of them [with sledge-hammered sharp wedges (chAan^) and chisels (tsuo?)], after 
which the boats could pass without difficulty. 


But then we come upon something new. Although there is here no mention of 
fire-setting, a fairly close contemporary source, the Pei Méng So Yen (Fragmen- 
tary Notes Indited north of Lake Méng), after repeating the account given by 
the historians, goes on as follows:* ‘Some say that (Kao) Phien used a kind of 
technique that simulated thunder and lightning (i shu chia lei tien*), and so he 
opened the rocky passage of the waterway. But we don’t know the details of how 
this was done.’® Could this have been rock-blasting with gunpowder? 
Immediately afterwards the same text continues with a story about another 


* Ch. 2, p. 4b (p. 1475), tr. auct. 

> The passage was commended to us by Prof. Yang Lien-Shéng, in a letter of 30 March 1951, as perhaps the 
earliest use of gunpowder in civil engineering indicated in a medieval text. We are also grateful to Prof. Sun 
Fang-To for re-emphasising to us the possible significance of these events. 
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great southerner, Wang Shen-Chih!, who when Governor of Fukien founded the 
Min State in the Wu Tai period, and was posthumously canonised as Thai Tsu 
in that dynasty.? Of an event of +904 it says:” 


Again, Pao Kuang Tzu* once heard that the Prince of Min’, Wang Shen-Chih, had 
difficulties with the great rocks in the channel (of the sea route between Fukien and 
Vietnam) which blocked the way for ships. One night he dreamt that Wu Tzu-Hsii“4 
appeared to him and said ‘You must open that channel’; so he ordered the judge Liu 
Shan-Fu? to go and offer sacrifices and pray to the gods. After three libations, suddenly 
there came a great wind with peals of thunder. Looking down from high above, he saw 
an extremely long yellow thing* using all its force to strike the stones. After three days 
everything was calm, and the waterway was open. 


This has an implication similar to that of the passage about Kao Phien, and the 
text goes on to say that Wang Shen-Chih ‘borrowed the strength of spirits’ (chia 
shen chih li’). The Shih Kuo Chhun Chhiu (Spring and Autumn Annals of the Ten 
Kingdoms in the Five Dynasties period), written eight centuries later, but quot- 
ing a contemporary stele inscription, gives a similar account, saying: 


On the sea [route, at the border between Min and Yiieh]8, near Huang-chhi-shan^,^ the 
strong waves [caused by strange great rocks] created great difficulties [for the ships, 
capsizing them and destroying their freight]. So [Governor Wang] Shen-Chih prayed to 
the god of the sea [burning incense and making grain sacrifices], after which, all of a 
sudden, a great wind arose, with rain and a storm of thunder, the crash of which struck 
(the rocks) open, and made a haven. The people of Min attributed it to his beneficent 
administration, and the Thang emperor gave the harbour the name of Kan-thang- 
chiang?.! 

We are here at the borderline between fire-setting and rock-blasting by gun- 
powder explosion, but the dates are uncomfortably early when we recall that the 
first mention of the mixture is to be placed around +850, the first use in war at 
+919, and the first publication of the formula in +1044. Also it is a bit para- 
doxical that the more matter-of-fact story belongs to +862, while the more mira- 
culous one relates to +904. But upon reflection one remembers that both these 
patricians had marked Taoist connections. Kao Phien had a whole entourage of 
Taoists and alchemists, including Lü Yung-Chih? (Phan-Hsi chen jen!°), Chuko 
Yin", Tshai Thien” and Shenthu Pieh-Chia™, all of whom advised him during the 


a There is a good account of him in Schafer (25), pp. 14 F., 33 #., 78. 

^ Ch. 2, рр. 44, 54, tr. auct. 

© We have not been able to identify this character. 

4 See Vol. 3, pp. 485 F. 

* Could this not have been a garbled account of the smoke from the explosion? 

f Ch. go (Min, ch. т), pp. ба, ga, tr. auct. 

* Passages in square brackets are amplifications from the account on the stele. 

^ One of the islands off the coast east of Hui-an between Fuchow and Chin-chiang but nearer the latter. 
Similar accounts of these happenings will be found in Schafer (25), pp. 9, 102—3, but he did not consider 
their possible connection with rock-blasting. 
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campaign against Huang Chhao!.* Wang Shen-Chih had Taoism in the family, 
for an ancestor of his was a Taoist of I-Shan? near Fuchow, and prophesied the 
rise of his descendants to imperial, or at least kingly, rank. Later, about +887, 
other Taoists such as Нзй Hsüan-Ching? and Hsü Ching-Li* assisted Wang 
Shen-Chih with advice, perhaps participating in the rock clearance of +904; and 
indeed the whole dynasty of Min was much given to Taoism.* 

These connections are quite important, because alchemy and early empirical 
experimental chemistry were so strongly Taoist in character, and since gun- 
powder was so great a discovery it would assuredly have been kept secret for 
many decades afterwards. Our chief hesitation in accepting the events associ- 
ated with Kao Phien and Wang Shen-Chih as true rock-blasting concerns the 
proportion of nitrate probable in the mixture, but since such an action can be 
brought about at 50% saltpetre or even rather less, given adequate confinement, 
the possibility is just admissible. If it should be true, it would have one rather 
important corollary, namely that gunpowder was after all first used in China for 
peaceful ends, not indeed for recreational fireworks (as convention had it), but 
for the assurance of transport and communications, enhancing human physical 
strength. At any rate, from this point onwards the case is altered, and gunpow- 
der explosions for civil engineering purposes can reasonably be looked for. 

Quite early in the new period we come upon something which constitutes a 
conundrum of considerable interest. In +1066 Thang Chi? wrote a book on the 
inkstones* of Hsichow, and the mines or quarries whence they were procured,’ 
entitled. Hsi-Chou Yen Phu’. The last chapter in this® lists the tools used for 
‘attacking’ the rocks (kung chhi*), and besides many obvious instruments such as 
large and small iron hammers (thieh ta hsiao chhui”), long and short chisels (chhang 
tuan tuo), crow-beak picks (ya (sui сћћи!!), shovels and baskets, we find also 
chhung".. This is of course the word later used for the metal-barrelled hand-gun, 
arquebus or musket, first thus appearing (p. 294) in +1288. What could it be 
doing here? Now chhung" anciently meant the hole of an axe in which the handle 
is fitted, but that would not make any sense in the present context. One then 
remembers how cartridges of paper or carton to hold the gunpowder in the 
drilled rock-holes were current in Europe by +1665 (p. 537), and that suggests 


a Оа this group sec the study of Miyakawa Hisayuki (1). They could indeed have been the very circle in 
which gunpowder originated. 

^ Shih: Kuo Chitin Chiu, ch go. р. 5è. According to Schafer (25). p. 107. this was Wang Ра?, who was an 
alchemist as well. 

© Schafer (25), pp. 93, 96, 104 f: 

* Cf p.i28above. | * Cf. Vol. 3; pp. 645-6 

* We learn from ch, 1 that the deposit was first found by а hunter named: Yeh® in the first half of the + 
century; and that the stones, presented by Li Shao-Weil*, were much prized at court during the Southern 
Thang (+943 to 98). Access was dangerous (ch. 3) because of poisonous insects and wild beasts. 

© Cho 16, p; ба. Unfortunately the text; there was one, is lost, and only the catalogue: remains. 
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that just possibly such tubes of gunpowder were used here. Against this there is 
the consideration that gunpowder sufficiently high in nitrate might not have 
been available by +1066, only twenty years after the Wu Ching Tsung Yao 
(pp. 149 f£). Yet two of the formulae there (pp. 117 f£.) had a saltpetre con- 
tent of 60% or above, and we know that modern slow blasting powders nor- 
mally contain between бо and 7096.* We incline, therefore, to the belief that 
at this date gunpowder was used in the Hsichow mines to break up the rocks? 
and liberate the mineral suitable for polishing into inkstones.* Perhaps the word 
chhung! was re-introduced for the metal barrel when it came іп two centuries 
later. 

During the following centuries gunpowder blasting could have been used 
quite often, but we have not come across many examples of it. In +1310 Wang 
Chhéng-Té* organised a great deal of rock-cutting, as for the Hung Khou Chhii® 
in Shensi, part of the Wei Pei project, using hundreds of masons with metal 
tools (chin chiang®) and ‘fire-artisans’ (Auo chiang’). These latter could have been 
blasting experts, but there is no specific mention of explosives, and they 'used 
fire to burn and water to splash on’ the rocks (yung huo fén shui tshui?), so the 
work, which accounted for 500 ft of progress each day, was very likely just fire- 
setting." On the other hand, by +1541, gunpowder blasting, followed by dredg- 
ing of the detritus, was clearly employed by Chhen Mu when improving the 
waterway at the point where the Grand Canal crossed the Yellow River.‘ Thus 
one might at least say that the use of gunpowder in civil engineering began as 
early in China as it did in Europe, and perhaps a good while earlier. 

Where mining was concerned, however, there may have been mariy hesitations 
about the use of gunpowder, as Golas (1) has pointed out. According to the 
general view (p. 534 above) it was dynamite that killed fire-setting, not gunpow- 
der. In modern times, for which we have eye-witness accounts, gunpowder was 
only very sparingly used by Chinese miners, neither for gold" nor silver, nor yet 
for coal’ or iron‘; only in quicksilver mining is it attested.' Golas gives four 
reasons for these hesitations; (1) in general Chinese miners had access only to 
inferior gunpowders, and these rarely or never granulated (corned); (2) the cost 


* Partington {5}, pp. 326—7 gives figures averaging at 62-06%. 

° T: might have been used also to facilitate the approaches to the mines, for ch. 8 speaks of the ‘narrow paths 
winding through the mountains" (phan сїйї niao tag). 

* Steel dust or filings {kang Asiao*) is mentioned among the materials used. 

* Cf. Vol. 4, pt. 3, pp..385 8. © Yuan Shih, ch. 65, p. 136. 

© H Li (1), p. 72; but unfortunately he gave no exact reference. 

= Mention is made of rock- -blasting in Japan by Collins (1) and Perrin (1), but without reference. nor does it 

appear in rhe latter's source around those pages, namely Tuge Hideomi ( ‘Of course a special research would 
clear the matter up. but it would be particularly interesting to know if such an application was made between 
* 1549 and + 1640, i.e. before the closure icf. pp. 495 f. above). 





y 5 Anon. {170} Louis (1, ak io Wu Yang-Tsshg CO; Dawes (0: 
7. Read (141. х Jameson (1). "Anon. (169); Moller (1). y 
gt ' шаш ‚жа Е жж * Bk пж 


* 455 * ШОХ жр 


544 30. MILITARY TECHNOLOGY 


and labour involved in shothole-drilling was rather high, especially in hard 
rock;? (3) there was great danger of igniting fire-damp (methane) in coal-mines 
(the most numerous of all Chinese workings), and of delayed charges in small 
mines where each miner sold what he himself got? (4) finally, the fire-setting 
technique continued to be available and was much employed. For the safe use 
of gunpowder, specialist miners, as well as a disciplined work-force, were neces- 
sary, yet very often the labour in small Chinese mines was essentially that of 
peasant-farmers turning an honest penny during seasonal periods slack in agri- 
cultural work. Thus there were several reasons why we could expect only a very 
slow development of rock-blasting in China in the specifically mining context. 

At an earlier point (p. 506) we spoke of the ubiquitous life-saving rockets 
introduced by Edward Boxer in 1855 for throwing life-lines to shipwrecked 
sailors. But there was another beneficent action of gunpowder which has 
perhaps saved even more lives, namely its embodiment in the humble railway 
fog-signal,° which alerts the locomotive crew to danger ahead under conditions 
of minimal visibility. As White (1) has found, this valuable little detonation was 
introduced by Edward A. Cowper (1819 to 93) in England in 1837, and since 
then it has come into use wherever there are railways all over the world. 


(iii) Gunpowder as the Fourth Force; its role in the history of heat engines 


All these peaceful applications of gunpowder, however, tend to pale into insigni- 
ficance by comparison with the part it played in the genesis of the steam-engine; 
and by the same token its predecessor, Greek Fire, the oil that we call petrol or 
gasoline, was destined to fuel, when the time was ripe, the internal-combustion 
engine. The title of this sub-section is taken from Varagnac (1), who distin- 
guished seven successive energy-sources discovered and applied by mankind, 
the first three being fire, agriculture and the working of metals, then gunpowder 
followed by steam, electricity and sub-atomic power. 

For half a dozen decades past the idea has been hovering among the minds of 
historians that the cylinder and the cannon-barrel are essentially analogous, and 
that the piston and piston-rod may be considered a tethered cannon-ball.? The 
piston and cylinder of course long preceded the metal-barrel gun and bombard, 
going back to the Alexandrian mechanicians and the Roman force-pumps, as 
also to the Chinese piston-bellows;* but the military engineers of China can have 
had little idea of what they were starting when they first used metal to make 


а Successful mechanical rock-drilling was not introduced until the middle of the nineteenth century, and 
then in North America, cf. Lankton (1). 

> Cf. Anon (169). 

© In American parlance, railroad torpedo. 

4 No one seems to have said this in so many words, but the idea was current coin in Cambridge in the 
thirties, when Desmond Bernal was writing his Social Function of Science. Cf. Needham (66) p. 99; Needham & 
Needham (1), p. 250; also Needham (48), p. 7, (64), p. 143- 

с Le. to the —3rd or —4th century. Cf. Vol. 4 pt. 2, рр. 135, 141—2; Needham (48), p. 12. 


— 
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their fire-lance tubes (cf. p. 234 above), and then later their metal-barrel hand- 
guns and bombards (p. 289 above). One can now see the significance of our 
definition of true guns (p. 488 above) as opposed to co-viative projectiles and 
proto-guns, for only when the projectile exactly fitted the bore did the analogy 
with cylinder and piston make itself manifest. It all began with incendiary and 
hurtful fire as such, but when it ended with propellant explosion, then the door 
was open for all piston engines. The djinn was now well and truly in the bottle, 
and it was the Chinese military inventors who put it there in the first place. 

There was really a convergence here of two strains of cylindrical structures; in 
the pumps and bellows the force was applied from the exterior to the contents," 
but in the cannon the force, and a very great one, was applied from the inside 
outwards, doing work. We already long ago came across this antithesis when we 
found that the morphology of the rotary steam-engine of the early nineteenth 
century, with its classical solution of the problem of inter-conversion of longitu- 
dinal and rotary motion (piston-rod, connecting-rod and eccentric crank) had 
been anticipated by that of the water-powered reciprocating blowing-engines of 
China. But the physiology was exactly the inverse, for the water-power bellows 
applied the force to the piston from outside, while the steam-engine applied it 
from inside. As for the dating, we used to say that the reciprocating furnace- 
bellows and flour-sifters were in general use by about +1300, but we now know 
that the whole assembly developed much earlier. First it was pushed back to the 
t 10th century by Chéng Wei (7) who studied a painting of +965; and then 
Jenner‘, translating ch. 3 of the Loyang Chhieh-Lan Chi (Description of the Bud- 
dhist Temples and Monasteries of Loyang), found unmistakable terminological 
evidence of it—a bolting- or sifting-machine about +530. The book says that at 
Ching Ming Ssu!, south of the city: 


there were roller-mills and mills (for grinding), trip-hammers (for pounding), and 
bolting-machines (for sifting and shaking), all driven by water-power ( yu nien wei chhung 
pho, chieh yung shui kung?). Of all the marvels of the monasteries these were considered the 
most remarkable (chhieh lan chih miao, tsui wei chhéng shou’). 


This water-powered shaker or sifter assuredly worked by the mechanism which 
we find depicted later оп.“ The reciprocating conversion design thus preceded 
the rotary steam-engine by no less than thirteen centuries. And the steam- 
engine, and later the internal-combustion engine were in the truest sense chil- 
dren of the cannon.* But now the work they did was beneficent work. 


а This was of course true also of all the late +17th-century air-pumps. It was precisely the exploration of 
the properties of the vacuum which led to the atmospheric steam-engine and ultimately to the fully developed 
steam-engine. 

5 Vol. 4, pt. 2, pp. 369 f., 373, 759, Figs. бог, 603, 627 b; Needham (48), fig. 8. 

© (1), pp. 109, 207, 281 ff. 3 See Vol. 4, pt. 2, Fig. 461. 

* How direct the genesis was will appear a few pages below. 
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Perhaps Bernal was the first to formulate the analogy when he remarked that 


the steam-engine has a very mixed origin; its material parents might be said to be the 
cannon and the pump. Awareness of the latent energy of gunpowder persistently sug- 
gested that uses other than warfare might be found for it, and when it proved intractable 
there was a natural tendency to use the less violent agents of fire and steam.” 


And he also wrote: 


A new and important connectica between science and war appeared at the breakdown of 
the Middle Ages with the introduction ... of gunpowder, itself a product of the half 
technical half-scientific study of salt mixtures ... In their physical aspect the phenomena 
of explosion led to the study of the expansion of gases, and thus to thc steam-engine; and 
this was suggested even more directly by the idea of harnessing the terrific force that was 
seen n drive the ball out of the cannon, to the less violent function of doing useful civil 
work. 


Seven years later, Vacca was speaking at an Italian symposium on the origins 
of specifically modern science in Europe rather than in China." 


A further advance was made [he said] by the invention of firearms, and of machines to 

use the expansive force of steam. Gradual familiarisation with the mechanics of explo- 

sions as they occur in firearms led to an almost ceaseless series of attempts to harness 

their power, from Papin's rudimentary efforts down to the modern internal-combustion 
ao d 

engine. 


In 1948 Bernal discussed the connection again. 


Ultimately [he wrote] it was the effects of gunpowder on science rather than on warfare 
which were to have the greatest influence in bringing about the Machine Age. Gunpow- 
der and the cannon not only blew up the mediaeval world economically and politically; 
they were major forces in destroying its system of ideas. As John Mayow put it: ‘Nitre, 
that admirable salt, hath made as much noise in philosophy as it hath in war, all the 
world being filled with its thunder. The force of the explosion itself, and the expulsion 
of the ball from the barrel of the cannon, was a powerful indication of the possibility of 
making practical use of natural forces, particularly of fire, and was the inspiration behind 
the development of the steam-engine! 


* (3), p. 24. It may have been natural, but it occupied many men's minds for many years in Europe all the 
same. 

^. (3), р, 166, But as we shall see, the way to steam power lay not through gaseous expansion, rather through 
the partial vacuum created after an explosion. 

* Giovanni Vacca (1872 to 1933] was an Italian sinologist whose work we have often quoted in previous 
volumes. 

а dg), p. 11. We shall explain the reference to Papin shortly, but the same remark about expansive force 
applies. Expansive pressure on both sides of the piston alternately only came in after the atmospheric engine 
had succeeded. 

*. Quasi nimirum in Faris esset, ut Sal hoc admirabile non minus In Philosophia quam Bello Surepitus 
ederet, omniaque sonitu suo impleret." Mayow (1), Tractatus т, De Sal Nitro et spiritu nitro-aerea; p. 2 Gp. тог 
above, | ; 

* (ry, pp. 238-9, and edu; pp. 322-3. On pp. 414 ff. (577 E) he mentions Papin's sieam cylinder, but pushés 
the analogy with the cannon rio farther. So also in (2), pp. 256 8. 262 ff. he tells the story of the stearn-engine 
witliout emphasising this connection. 
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But it was left for Lynn White in 1962 to express the matter even more clearly? 


The cannon [he wrote] was not only important in itself as a power-machine applied to 
warfare; it is a one-cylinder internal-combustion engine, and all of our more modern 
motors of this type are descended from it. The first effort to substitute a piston for a 
cannon-ball, that of Leonardo da Vinci, used gunpowder for fuel, as did Samuel Mor- 
land's patent of +1661, Huygens’ experimental piston-engine of +1673, and a Parisian 
air-pump of +1674.” Indeed, the conscious derivation of such devices from the cannon 
continued to handicap the development [of internal-combustion engines] until the 
nineteenth century, when liquid fuels were substituted for powdered.* 


And in 1977 he returned to the same theme, saying that 


Francis Bacon had more reason to be excited about a cannon than perhaps he himself 
realised. The cannon constitutes a one-cylinder internal-combustion engine, the first of 
its genus.... Lamentably, inventors along this line of technological growth fell into the 
very trap against which Bacon had warned them; focus on tradition rather than on the 
qualities of Nature itself. They were so conscious of the cannon and gunpowder as prece- 
dents for their efforts that it was not until the mid-nineteenth century that they finally 
realised that the Chinese chemical mixture ... was inherently too awkward to give power 
to continuously operating engines. Only then did they turn—and with immense techni- 
cal success—-to the lighter distillates of petroleum which during the Middle Ages had 
been developed by the alchemists of Byzantium, Islam fand China] primarily for use as 
‘Greek Fire’, Two of the more conspicuous results were the automobile and the piston- 
engined aeroplane.? 


But in the meantime the gunpowder-engine’s failure had led directly, as we shall 
see, to the steam-engine’s success. 

So far we have been dealing in generalities. By +1500 it was becoming clear 
that the force of gunpowder ought to be made to do something useful, instead of 
just propelling projectiles. It was the merit of Hollister-Short* that he recognised 
the first appearance of such a use in the ‘gunpowder triers’, devices introduced 
by gunners to test the quality of their powder by making it perform some effect, 
some measurable work; and that he then saw the close relation of these to the 
gunpowder-engines which appeared rather later. Broadlv speaking, one may say 
that the heyday of the triers or testers? occupied the century +1450 to +1650, 


* (3) p. 100. 

© We shall follow these developments more closely in what follows. 

" Perhaps Lyon White was thinking here of the pyréalofhore of the Niepce brothers invented in 1806, а very 
complicated machine which used lvcopodium powder as the fuel, combusted within the-cylinder; cf. Daumas 
ig}. This carbonaceous material; long used by pharmacists as à dasting-powder and for pill-coatings, consists 
of the spores of the club-moss, Lycopodium spp. (Lawrence (1), pp. 337-8: Stuart (1), p. 2517 R 795-6). 

* (20), р. 3. 

* {4, 6): much of the information in the following paragraphs comes from his researches. The only earlier 
paper on the subject known to us is that of Fischler (1), and that we have also used. 

Неге áne can see a good example uf ihe definition of specifically modern science as the mathematisation of 
hypotheses about Nature, combined with relentless experiment, for this at once led to the quantisation of 
phenomena, describing effects in terms of measure and number. 

€ Pudverprober ox éprouveties. 
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while that of the engines followed in the half-century ending about +1700.? The 
latter were thus directly proemial to the development of the steam-engine, and 
intimately connected with it. 

In 41540 Biringuccio was still taking a piece of paper and burning a small 
amount of gunpowder on it to see whether it would go off in a puff without 
burning the paper or по? But soon afterwards designs for more sophisticated 
mechanical triers were beginning to be pondered.* The oldest which has some 
down to us is that of William Bourne in his book of +1578, Inventions or De- 
vises....4 He had a cylindrical metal box within which the powder was set off, and 
according to its strength the explosion pushed up the hinged metal lid so that it 
caught on one or other tooth of a quadrant ratchet, giving thereby a crude quan- 
titative measurement. This device was again described by John Bate in his Mys- 
teries of Nature and Art of +1634; his cut is reproduced in Fig. 224.* ‘So, by firing 
the same quantity of divers kindes of powders at severall times, you may know 
which is the strongest.’ The hinged cover appears again in the fine plate of John 
Babington's Pyrotechnia (+1635) which we give in Fig. 225; it is (A) below on the 
right, but now the lid when blown off upwards, rotates a graduated discoidal 
plate which was braked by a spring (Fleming, 1) so that the strength of the 
gunpowder could be empirically measured.‘ Finally, the hinged cover reached 
its apogee in the trier which Robert Hooke demonstrated to the Royal Society, a 
much more workmanlike machine than any that had gone before. On 9 Sep- 
tember 1663 ‘Mr Hooke brought in a scheme of the instrument for determining 
the force of gunpowder by weight, together with an explication thereof; which 
was ordered to be registered as follows ...’. The design is shown in Fig. 226. The 
explosion cylinder had a hinged lid with a touch-hole closed by a strong spring, 
and at the other end the lid narrowed to a tooth which engaged with a cam or 
wheel-ratchet; this was on the same axle as a beam or arm which could be 
loaded with a variable weight.! During the following months several tests were 


a There was one engine which preceded all the triers, as we shall see (p. 553 below), but Leonardo was a 
law unto himself. 

> (1), p. 415. We discussed at an earlier point (p. 359) the Chinese statements about this test. It was still 
recommended by Collado (1) in +1586, but in +1627 Furtenberg (2) said that one might tell good from bad 
powder in this way but not much more. Still, it lingered on till the end of the century, as in Mieth (1) and de St 
Remy (1); vol. 2, p. 112, the latter even perpetuating the test that used the palm of the hand (cf. p. 105 above); 
but he recommended it only when you knew that your powder was good and dry. Of course there was always 
the inspection of the residues of explosion, if any, as recommended by Fronsperger (1) in +1555 and later. 

© [t will be convenient to follow them through according to their principles irrespective of strict chronologic- 
al order. 

4 (3), pp- 39-40, device no. 54. 

* (1), bk. 2, pp. 55-6, 2nd ed. pp. 95-6. The quadrant ratchet is now held against the lid by a spring. 

f (1), pp. 69 Ё., ch. 64. Babington remarks: ‘hee that will make a good rocket must be certain of the strength 
of his powder, which if it bee to strong, will break; if too weake, it will not rise to that heighth it should ...’. If 
too weak add ‘peter’, if too strong add 'coale'. 

* Birch (1), vol. 1, p. 302. 

^ Hooke called it the ‘nick of the nut’. 

і As Hollister-Short remarks, this could have been the origin of Papin’s safety-valve (+1681), used on his 
digester or steam pressure-cooker. Hooke’s trier was loaded with different weights so as to see what a given 
amount of a gunpowder mixture would do. 
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56 The fecond Booke 


lid ioynted untoit. The box oughtto be made of iron, 
braffe, or copper, and tobee faftned unto a good thick 
plank, and to haue atouch-hole at the bottom, as O, and 
that end of the box where the hinge of the lid is, there 
muft бапа up frem the box a peece of iron or braíIc, in 
length anfwerable unto the lid of the box : this peece of 
iron muft haue a hole quite 
through it, towards the top, 
and a (pring, as, A, G, muft bee 
{crewed or riueted, fo that the 
one end may couer the fayd 
hole. Onthetop of all this i. 
ron, or braffe that ftandeth up 
from the box, there muf bee 
ioynted a peece of iron(made аз 
you (ce in the figure) the hinder 
= part of which is bent down. 
ward, and entreth the hole that the {pring couereth ; the 
other part refteth upon the lid of the box. Open this 
box lid,and put ina quantity of powder, and then fhut 
the lid down, and put fire to the touch-hole at the bot- 
tom, and the powder in the box being fired, will blow 
the box lid up the notches more or leffe, according asthe 
ftrength of the powder is . fo by firing the fame quantity 
of diuers kindes of powders at {euerall times, you may 
know which is the ftrongeft. Now perhaps it will bce 





Fig. 224. Gunpowder triers and testers as the first explosion machines to do some useful work. They were 

designed to give gunners an indication of the strength of their powder. The second to be described was that of 

John Bate in +1634; the explosion pushed up the hinged metal lid of the box so that it caught on one or other 
tooth of a quadrant ratchet. 


made but all failed, yet when notices of gunpowder experiments resume in 
+1667 the deficiencies of construction had been overcome, and the emphasis 
had shifted to making the engine do some other kinds of useful work. In January 
of that year an experiment was ordered for the applying of the strength of gun- 
powder to the bending of springs, thus storing energy, and this was successfully 
accomplished. Hooke was also asked to see if weights could not be raised by 
gunpowder. Robert Boyle suggested that the force of gunpowder might be tried 
by making it raise a weight of water (which it would expel out ofa vessel). How 
exactly the springs were wound up, or the weights raised, the Journal Books of 
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Fig. 225. The plate of John Babington's triers (+1635). A variant of the hinged lid appears at the bottom ov 
the right, but now-the explosion is empirically тосе quantified by having it rotate a graduated disc against 
spring resistance. The ratchet teeth appear again at the top on the right, where the lid of the box is blown 
upwards. by the explosion and, guided by wires, comes to rest upon one cr other of the movable ratchet hooks. 
Ai the top oa the left іза device where the lid itself ig Blown upwards until it comes to rest ак опе of the 
graduations marked on the left-hand column. Finally at the bottom on the left is a device where the gases of the 


explosion displace different amounts of water in the reservoir A, thereby indicating the strangth of the powder 


the Royal Society do not say, and on subsequent experiments they are silent too, 
but the whole sequence is of the greatest interest for it shows a gunpowder trier 
in the very act of turning into. à gunpowder engine. 

The blowing off of lids continued to the end of the century and beyond, as can 
be-seen-in the book of Surirey de St Remy (1). published in +1697. Though 
often. mounted like pistols, they were quite similar to Babington’s device, for 
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Fig. 226. The gunpowder trier of Robert Hooke (+ 1663). [t was in fact almost a gunpowder-engine, because it 
was capable of raising a variable weight, and was later applied to the bending of springs. Design taken from the 
Royal Society Minute-Books, after Hollister-Short (4), p. 12. Description in text. 


upon firing, the cap of the explosion chamber rotated a graduated wheel,* which 
came to rest upon a ratchet tooth and so assessed the force of the charge." 

Boyle's suggestion reminds us that another of Babington's triers involved pre- 
cisely the expulsion of water from one vessel to another.* The set-up is seen in 
Fig. 225 (D, below on the left); a given weight of a gunpowder mixture exploded 
in (C) sent its gases into the vessel (A) and expelled a measurable quantity of 
water into (E). For comparing powders, this, said Babington, was ‘the certainest 
way, although the most troublesome’. But now he was measuring the volume of 
gases formed rather than the mechanical force of the explosion, and the result 
was directly proportional to the percentage of nitrate in the composition, since 
that was the oxygen-provider giving mostly CO, with smaller amounts of the 
oxides of sulphur and nitrogen.* The displacement of water by air or steam was 
an ancient principle, going back to the Alexandrians,' and therefore very famil- 
iar, but in +1635 the properties of the vacuum had still not been explored, so 
that Babington's device was only obliquely a predecessor of the water-raising 
systems of de Hautefeuille and Savory.® 


* This probably explains the reference to trier ‘wheels’ in Mieth (1), + 1683, ch. 55, not further elucidated. 
> -Fischler (1) gives two pictures from de St Remy's book and figures two extant examples from the am Rhyn 
Collection. De St Remy's preferred-methed, however, was to cast brass balls of known weight from a mortar at 
a known elevation (30° to 45°) and measure their range. Fischler figures a late standard mortar of this kind 
from.the Luzerner Waffensammlung in-fig. 4. 

< (2), ch. 68. 

* See our arguments relating to this on pp. 110£f, 342 ff. above. 

*. Johannes Bernoulli (1); in a Basel dissertation of + 1690, described how he ignited with а burning-glass a 
small amount of gunpowder in a glass bulb which connected witha tube dipping into water. After the boiling 
which ensued the water was found to be acidified, so he concluded, not knowing what the gaseous combustion 
products were, that fire was itself an acid: (&aud incongrue dici potest, quad ignis sit acidum). But this early chemical 
experiment was not related to the triers- 

Ct Weaderoft (1): pp-26:57. ^ 

= Меза оок at these on pp. 582 f. below. 
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The other two pieces of apparatus in Babington's plate derive from experi- 
ments of Joseph Furtenberg (2) published in +1627. Both are at the top (B, C in 
Fig. 225). The former was not very practical, driving up a cover-plate with two 
holes along a vertical graduated scale marked on one of the columns,? but the 
latter was a useful and workable device.? Here the cap of the explosion chamber 
was blown up vertically guided by two wires, tripping as it went a series of 
twenty hinged ratchet-arms or ‘keys’, upon one or other of which it eventually 
came to rest, thus giving a measure of the gunpowder's strength.* This system 
has a descendant among the pieces of apparatus used for determining explosive 
force at the present day; this is the ‘whirling height éprouvette’.4 The upper coni- 
cal rifled opening of a combustion chamber is closed by the tapered end of a 
10 kg. weight, and this is whirled upwards by the explosion between a cage of 
slide-bars, clicking in at the culmination point by means of a catch. 

It should be mentioned here, however, that the most widely used contempo- 
rary device for measuring explosive force is the *ballistic pendulum' developed 
and used at Fort Halstead.* This employs a principle quite different from those 
used in any of the old triers, namely retro-active rocket propulsion.’ A mass of 
steel 150 kg. in weight is suspended from a rigid framework by wire, just over 
two metres long, and within this mass there is a steel tube of 25 mm. bore taking 
a charge of about то gm. and with an unconfined orifice. When detonated elec- 
trically the heavy weight is propelled forwards in an arc by the energy release 
and its swing recorded by a stylus; then the excursion is expressed in percentage 
terms of a standard charge of picric acid. This has quite superseded the rather 
qualitative Trauzl test, which assessed the deformation produced by explosions 
set off within a block of lead. 

Hollister-Short remarks that Furtenberg's flying-cap trier could have been a 
precursor of, or at least a stimulus for, Huygens’ gunpowder engine of +1673, 
since the guide-wires directed the cap just as the cylinder-walls directed the 
piston.^ We should not lightly dismiss this idea, which after all is no more far- 
fetched than the comparison of the piston and cylinder with the cannon-ball and 
cannon, an analogy accepted on all hands as justified. 

But Huygens was not the first to make a gunpowder-engine; he had been 
anticipated by Leonardo da Vinci (as so often happened with that great 


a Babington (1), ch. 66. 

» (1), ch. 67. The Waffensammlung at Vienna has a fine contemporary example from Ambras Castle. It is 
57 cm. in height. 

© De St Remy (1) described in +1697 a variant in which the cap was weighted and carried a vertical shaft 
the teeth of which were also caught on ratchets. A late example of this device is in the Luzerner Waffensam- 
mlung (Fischler (1), fig. 2). 

d Described by Hahn, Hintze & Treumann (1). 

* For our information on these matters we are much indebted to Dr Nigel Davies. 

* Cf. Connor (1). The test does not distinguish between deflagration and true detonation, but there is a 
cartridge case deformation test which will do so; Connor (2). Cf. Hughes (1), p. 46. 

= The degree of tamping may be varied at will. 

h The arresting catches might also provide a clue to the origin of the retaining devices talked of by Huygens 
and in + 1690 described by Papin. 
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Fig. 227. The weight-lifting gunpowder-engine of Leonardo da Vinci described and figured by him in +1508. 
In this suggested reconstruction diagram a gunpowder explosion above the piston generated a partial vacuum, 
which then pulled up the weight suspended underneath. 


Renaissance inventive genius) and Leonardo had a cylinder and piston.* We 
must compare what he wrote with the diagram which he drew (Fig. 227). His 
words of +1508 were these: 


To lift a weight with fire, like a horn or a cupping-glass. The vessel [i.e. the cylinder] 
should be 1 braccio wide and 10 in length, and it should be strong. It should be lit from 
below like a bombard, and the touch-hole rapidly closed, and then [all] immediately 
closed at the top. [You will see] the bottom [i.e. the piston], which has a very stron 
leather [ring] like a [pump-] bellows, rise; and this is the way to lift any heavy weight. 


As the diagram shows, a weight was suspended from the downward-pointing 
piston-rod, and gunpowder ignited above the leather-packed piston, then as 
soon as the gases had rushed out (expelling most of the air) all openings were 
closed, and as the remaining gases cooled and contracted, a partial vacuum was 
generated, thus sucking up the piston and raising the weight." Here Leonardo 
came nearer to the ultimate gateway of success, the vacuum, than any before 
him, anticipating in a sense the +17th-century physicists by 150 years or so; but 


* See Reti (2), p. 29, fig. 20; Reti & Dibner (1), pp. 94ff. 

> Tr. Hart (4), p. 299, mod. auct. Seq. Reti. Codex F (Institut de France), 16v; cf. Codex Atlanticus, 5 r.a., 
r.a. 

* Doubtless this was then to be secured in its new position with blocks and wedges. 
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without a deeper analysis of the phenomenon of the cupping-glass he could go 
no further.* 

What was this thing? It was one of mankind's most ancient medical instru- 
ments, a cup-shaped vessel placed on the skin at a suitable site and emptied of 
air by the burning of a small piece of wool or other combustible material inside 
it. The vacuum so formed sucks up the skin and flesh so as to bring about 
cutaneous vaso-dilation, and if the place has first been scarified it encourages 
transudation and bleeding. Historians of medicine regard the procedure as pre- 
historic in origin, and describe it from all the civilisations.” The oldest vessel 
used was probably a hollow buffalo horn, which accounts for one of its Chinese 
names, chio fat, but later short tubes of bamboo were used, and these are still 
called kuo kuan?,* tow or paper being burnt in them. There are many early liter- 
ary mentions, and cupping was part of one of the seven departments (kho?) of the 
Thang Medical Administration." Now Leonardo certainly did not have the con- 
cept of the vacuum and its uses, subsequently so clear, but it was a fine thing to 
recognise that certain procedures would make vessels suck other things in, and 
burning gunpowder could be even more effective than the small combustibles 
used by the physicians. All he had to go on was the Aristotelian truism that 
‘nature abhors а vacuum’, but it was enough." 

Perhaps the most extraordinary aspect of the situation was that Leonardo also 
conceived what one might call the standard experimental set-up afterwards used 
by Huygens and others, namely a cylinder and piston, the piston-rod of which 
was attached to a cord passing over two pulleys and then suspending a counter- 
balance weight. But he did not use this for weight-raising by gunpowder, he set 
it up about +1505 in order to sec how much steam coming off from heated water 
would expand.^ All this was connected, no doubt, with his steam cannon, the 
Architronilo, in which a jet of high-pressure steam was suddenly admitted behind 
a ball to shoot it forth through a long barrel) Here again was a striking link in 


? Needham (48), p. 10, (64), p. 147- 

* Garrison (3), p.28; Sigerist (1); vol. 1, p. 1:6. The latter, pp. 193, 202 gives anthropological evidence for 
its use among many primitive peoples. 

* For Babylonia Mettler (1), p. 320; for India р. 333 and Castighoni (1). p. 89; for Hippocrates and later 
Greeks p. 174 and Mettler (1), pp. 529; for Arabic medicine Garrison (3), p. 134; Mettler (1), p. 537. A Roman 
reference is Celsus, п, 11 and tv, 7, 2 (Mettler, рр. 338, 509). Perhaps the best account of it in the Middle Ages 
and later Europe is that of Brockbank (1), pp. 67 F: 

а Itis significant, in view of pp. 221 ff. above, that this name of ‘fire-tube’ was always medical, and never 
used for any gunpowder weapon. On cupping in China see Palos (1), pp. 94: 158-9, 182. ` 

* See Lu Gwei-Djen & Needham (2). 

f -Phere is an interesting book by Grant (2) on ancient and medieval arguments about empty space. 

£. He also used a lever suspended from a central fulcrum. 

к Reti (2), p. 17; Hart-(4), pp. 2396. Leicester Codex, 10 г, 15 г. The cylinders here. were of square 
cross-section. Leonardo got a figure of 1: 1300 for the comparison of the volume of water and steam; the true 
relation is about 1 ::1700. ell 3 

i Godex B, зз; cf. Reti (2). pp. 2r; Hart (p. pp. 295-6, pl. 100. 
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the connections we are unravelling between the cannon barrel and the steam- 
engine cylinder.* 

Yet still the expansive force of steam was not the clue or key which would 
open the gate into the future; that key was nothing at all, the absence even of air, 
just emptiness. Ctesibius had been responsible, about — 230, for a simple and 
fundamental machine, the piston air-pump, known from the descriptions of later 
mechanicians.” This simplest of pumps entered upon а new incarnation in the 
+17th century, when the virtuosi began to explore with excitement the prop- 
erties of vacuous spaces, for what had been invented originally as a bellows for 
pumping air into something now found fresh employment as the 'air-pump' for 
getting as much air as possible out of it. The closer scrutiny of the alleged horror 
vacui began with Galileo himself in +1638, and was continued in +1643 by his 
disciple Evangelista Torricelli (+1608 to 47), whose mercury barometer was the 
start of many experiments showing that the air weighs down on everything with 
a pressure of some 14 lb. per square inch.* This opened men's minds to the 
recognition of the fact that air has weight, and that the vacuum was a physical 
reality. Then came the long-continued work of Otto von Guericke (+1602 to 86) 
who invented the evacuating air-pump by about +1650, and then four years 
later performed the sensational experiment of the ‘Magdeburg hemispheres'.? He 
also demonstrated the weight required to tear them apart, the crumpling of 
evacuated copper globes, and the pistons which raised men or weights into the 
air when sucked down by the vacuum.* In +1659 there followed the improved 
air-pump of Robert Boyle (+1627 to 91), and with assistance from. Robert 
Hooke it had attained its final form by +1667. 

Thus was established that all these effects were dne to an omnipresent 
force——‘the spring and weight of the air’, from which man might draw infinite 


? As is well known, Leonardo ascribed the invention to Archimedes. The background to this strange story 
has been examined by Simms (3) and Clagett (5). 

* See Heron, Pneumatica, ch. 1, no. 42; Philon, Pneumatica, App. 1; Vitruvius, x, 8. Discussion in Beck (1), 
pp. 24 & Drachmann (2) pp. 7 f., тоо, (9), р. 206. Cf. Woodcroft (1), chs. 76, 77, pp. 105, 108. Ctesibius’ pump 
powered what is confusingly known as a ^water-organ' because the air was pumped into a reservoir where it 
was held at approximately constant pressure by means of a water-seal. Though the Vitruvian text describes 
two cylinders, the Philonic and the Heronie speak only of one, and the apparatus has nearly always been so 
reconstructed—in any case the pump or pumps were invariably single-acting, ‘inhaling’ and ‘exhaling’ on 
alternate strokes. The double-acting piston- pump 'air-bellows' of China probably goes back well before Ctesi- 
bius (Vol..4. pt. 2. p. 139) but it was not destined to stimulate the vacuum pumps of the 7th centary Бесацзе 
Europe did not have it until the +18th (ibid. pp. 131. 380). 

© There is a monograph on the rote of the barometer in the histery of physics by de Waard іт). Ch Wolf on. 
pp. 92 f 

Ibid. pp. 99 ff. 

* Cf Dickinson (4). pp. 7 Е. Gerland & Traumiiller {1}. pp. 129 8. Von Guericke demonstrated his experi- 
ments at the Imperial Diet of Ratisbon in - 1654, and a preliminary account of them was published by the 
Jesuit Caspar Schott (2) three vears later. Von Guericke's own account did not appear till +1672 under the 
titie Experimenta Nova (ut vocantur) Magdeburgica de Vacue Spatio. There is a German translation of ihis. in 
Ostwald's Klatsiker d. exakten Naturivissenschaften, 20.49. 

* Hence Boyle (6): сЁ Wolf (1), pp- 102: : 

* Hence Boyle (2), A Continuation of New Experiments Physico- Mechanical touching the Spring and Weight af the Air 
(+1569). Ch Wolf (r5, p. 107 
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profit if he could put it to work. As Cardwell has written:? 


To the newly discovered agent, so powerful that it could overcome the strongest horses, 
and rival the largest water-wheels and windmills, science and common sense could set 
no obvious limit. The wind might blow where, and when, it listed, but the atmosphere 
always exerted a pressure of 14—15 lb. per square inch everywhere on the face of the earth. 
The point was, could one utilise this immense force, this ‘head’ of power? Could one, in 
effect, invent an atmospheric water-wheel or windmill, driven by the dead-weight pres- 
sure of the atmosphere rather than by the pressure of moving air or water against sails or 
blades? To the speculative and enterprising of the 4 17th century the possibilities may 
have seemed as revolutionary as those of nuclear power in our generation, probably with 
greater reason, certainly with fewer moral reservations. ... 


In this context it might seem strange that experimenters from Leonardo on- 
wards did not think of using the expansive force of a gunpowder explosion for 
the working stroke, i.e. to push the piston out from a cylinder, rather than using 
it simply to produce a partial vacuum when the gases had swept out most of the 
air.^ After all, if weight-lifting was the main objective, a linkwork lever system 
could surely have been contrived so as to effect this. But perhaps there was too 
much danger of the closed cylinder exploding; and on the other hand there was 
the great desire to take advantage of universal atmospheric pressure, as Papin 
and Newcomen in the end successfully did.‘ 

By +1670 an acutely interesting question had arisen. What could one do to 
create a vacuum underneath a piston (and so make it do useful work), otherwise 
than by the previous use of another piston in an exhaustive air-pump according 
to the Magdeburgian art? When young Denis Papin from Blois‘ took up his post 
as assistant curator of experiments under the great Christiaan Huygens at the 
Académie Royale des Sciences in Paris* in + 1671, this must certainly have been 
one of the methods proposed. The example of the powder triers would assuredly 
have been in mind.‘ Huygens set to work in earnest towards the end of +1672 
have been in mind. Huygens set to work in earnest towards the end of +1672 
and by 10 February in the following year described the engine he had con- 
structed for obtaining ‘a new motive power by means of gunpowder and the 
pressure of the air'.5 It consisted of a cylinder the piston-rod of which was 
attached to a cord running over two pulleys and suspending a weight (Fig. 228). 

> (1), p- 9. 

» This point has been put to us by several friends, notably by Dr J. W. Berrett of the Royal Society of 
Chemistry. 

* On the antecedents of the Newcomen engine Hollister-Short (5) is well worth reading. It complements 
and enlarges our own earlier contribution (Needham, 48). 

d +1647 to +1712. Graduating M.D., he left for London in +1675 to work with Robert Boyle, іп due course 
becoming F.R.S., and demonstrating his famous 'digester' or steam pressure-cooker with its first of all safety- 
valves. 

* This had been founded by Louis XIV in + 1666 at the instigation of the minister J. B. Colbert (+1619 to 
83), and Christiaan Huygens from Holland was one of the sixteen founding members; he worked in Paris for 
fifteen years. Cf. Dickinson (4), p. 8. 

г Cf. Galloway (1), pp. 14 ff. 


= (2) Oeuvres, vol. 22, pp. 241 f СЕ Galloway (1), pp. 21 £.; Wolf (1), p. 548; Thurston (1), pp. 25; 
Gerland & Traumüller (1), pp. 226 ff. 
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Fig. 228. The drawing by Christiaan Huygens of his gunpowder-engine in +1673, from his Varia Academica, 
р. 242; cf. Hollister-Short (4), pp. 13 The partial vacuum produced in the cylinder as the gases left and 

cooled brought down the piston and accordingly raised the weight suspended from the pulley. 

At the moment of the explosion, the gases formed swept out most of the air 
through a valve which was then immediately shut, so that as everything cooled a 
partial vacuum was produced, and the piston was sucked down with great 
force—but not the whole way, for, as Huygens noted, about one-sixth of the air 
and gas remained. The down-stroke was therefore incomplete.* Nevertheless, he 
found the effect striking enough. 


The force of cannon powder has served hitherto [he wrote] only for very violent effects 
such as mining, and blasting of rocks, and although people:have long hoped that one 
could moderate this great speed and impetuosity to apply it to other uses, no one, so far 
as I know, has succeeded in this, or at any rate no notice of such an invention has 
appeared. 


Huygens went on to prophesy that this motive power could be used for raising 
water or weights, working mills, or even for driving vehicles on land or water.^ 


* Huygens proposed to gain constant torque however by making the pulleys of fusée form. 

5 Other forecasts, even aerial vehicles powered in such a way, are contained in a letter to Lodewyk Huygens 
dated 22 Sept 1673, see (2) Oeuvres, vol. 7, pp. 356-8. Huygens was very prescient here, because the internal- 
combustion engine has so high a power/weight ratio. He found by calculation that a single pound of gunpow- 
der possessed enough energy to raise 3000 Ib. 30 ft. He also reckoned that a cylinder 3 ft. in diameter would 
give upwards of 40 h.p. ‘J’ay fait voir des effects surprenans à élever des poids et des hommes qui tiroient la 
corde.’ But ‘si l'on purvoit bien vuider l'air ce seroit encore bien autre chose. ..". 
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‘I think [he wrote] that a flexible wooden tail at the stern of a boat, as I have 
visualised it, and as I believe they make use of in China, would be a good 
application for this, if moved by the force generated in this cylinder. Here 
was unquestionably a reference to the yuloh scull (yao lu!) or self-feathering 
propulsion-oar propeller,? characteristic of small Chinese craft from Han times 
onwards. Huygens also sketched a form of ballista operated by linkwork as the 
piston descended. 

So matters remained until Denis Papin, now occupying a chair at Marburg, 
returned to the problem of improving the gunpowder-engine. In +1688 he pub- 
lished a new version (1), the chief difference in which was that the piston was 
now furnished with a spring valve closed by atmospheric pressure when the 
gases had left, after which it was allowed to make a powerful down-stroke (Fig. 
229)." But the fifth or sixth part of the air and gases always remained. Ruminat- 
ing on this, Papin made a pregnant statement in his paper (2) of + 1690: 


Since it is a property of water that a small quantity of it, turned into vapour by heat, has 
an elastic force like that of air, but upon cold supervening is again resolved into water, so 
that no trace of the said elastic force remains, I readily concluded that machines could 
be constructed wherein water, by the help of no very intense heat, and at little cost, 
could produce that perfect vacuum which could by no means be obtained by the aid of 
gunpowder.... 


Thus was born the first of all steam-engines.* It looked just like the earlier 
gunpowder-engines, but a spring catch fitted into a notch on the piston-rod so 
that the down-stroke could be delayed until it was as powerful as possible,’ and 
then it went down right to the bottom of the cylinder (Fig. 230). Here the boiler, 
engine-cylinder and condenser were all in one; it was given to Thomas Newco- 
men to separate the boiler from the cylinder, and to James Watt to introduce a 
separate condenser—otherwise all the essential parts were present (Fig. 231).* 
Here at last was an effective cycle, the removal of air and the condensation of 
steam, so that the way was open to the ‘atmospheric, or vacuum, steam-engine' 
(+1712). Though Denis Papin never harnessed his piston-rod to anything, his 
historical position in the transition from gunpowder to steam is a central one, 


* Vol. 4, pt. 3, pp. 622 F. The yuloh has a significant place in the history of screw-propulsion, and in +1790 
there was an unsuccessful attempt to apply steam-power to it. 

> Cf. Galloway (1), pp. 41 Е, 44; Gerland & Traumiiller (1), pp. 227 ff. 

© Dickinson (4), pp. 10f., (6), p. 171; Galloway (1), pp. 47 f; Thurston (1), pp. 50ff; Matschoss (2), 
рр. 32 Е, 354 @., 359M; Reti (2), р. 28; Garland & Traumiiller (1), pp. 228 ff. 

This way of getting a violent stroke probably derived from Huygens' ballista design. 

* 'The double-acting steam-engine, using fully the expansive force of steam, and the high-pressure steam- 
engine all of course lay in the future. Cf. Needham (48), p. 11; (64), p. 149. 

! At any rate, not successfully. There are accounts that towards the end of his life, in +1707, Papin ex- 
perimented with a small paddle-driven steamboat on the Fulda R. near Cassel, but it is not easy to see how it 
could have worked even with a Newcomen beam-engine, as the stroke frequency would have been so slow. Our 
information remains obscure and somewhat contradictory on this last phase. See Galloway (1), pp. 768; 
Thurston (1), pp. 224 f., where more detailed references will be found. 
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Fig. 229. Denis Papin’s gunpowder-engine of + 1688, after Gerland & Traumiiller (1), fig. 219. It was similar to 
that of Huygens except that it had a spring valve closed by atmospheric pressure after the gases had left, so 
that the piston could then make a powerful down-stroke and raise the weight. 


and Thomas Newcomen himself would surely never grudge him his statue 
among the flower-sellers and vegetable-stalls that overlook the Loire on the 
great flight of steps at Blois.? 

Steam had been on Papin’s mind for quite a long time. Nine or ten years 
before, he had produced his steam pressure-cooker or ‘digester’. In China steam 
had traditionally been used for many things, especially in cooking,® and bread 


* I find it almost impossible to believe that Newcomen never knew of Papin’s steam cylinder, at least by 
hearsay. Papin published several other papers (3, 4, 5) and maybe there was someone at Dartmouth, one of the 


gentry perhaps, who could read French, if not Latin, and gave Newcomen access to Papin’s work. 
© Cf. Vol. 1, pp. 81-2. 
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Fig. 230. Denis Papin’s steam-engine of +1690, after Gerland & Traumüller (1), fig. 220. It looked just like 

the earlier gunpowder-engines, but the spring catch on the piston-rod delayed the down-stroke until the 

cooling condensed the steam and created an approach to a perfect vacuum, after which the suspended weight 

would be drawn up to the maximum extent. This was the invention which led to Thomas Newcomen’s first 
successful ‘atmospheric’, or vacuum, steam-engine of +1712. 


was (and is) generally steamed there rather than baked. In his Travels in China 
(1804) John Barrow wrote:* 


In like manner they (the Chinese) are well acquainted with the effect of steam upon 
certain bodies that are immersed in it; that its heat is much greater than that of boiling 
water. Yet although for ages they have been in the habit of confining it in close vessels, 
something like Papin’s digester, for the purpose of softening horn, from which their thin, 
transparent and capacious lanterns are made, they seem not to have discovered its 


* (1), p. 298. 
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Fig. 231. Diagram from Dickinson (4), p. 67, illustrating the progressive differentiation of function in the 
steam-engine. On the left, Papin's cylinder filled with steam, in the centre, Thomas Newcomen’s separate 
boiler. On the right, James Watt's separate condenser, which periodically drained the cylinder of steam, thus 
permitting the down-stroke, while at the same time its walls were kept hot by the steam case, and any air 
removed from the system by the air-pump automatically operated. ` 


extraordinary force when thus pent up; at least, they have never thought of applying that 
power to purposes which animal strength has not been adequate to effect.? 


What Barrow perhaps failed to appreciate was that the way to the steam-engine 
historically lay not directly through high-pressure cookers, but indirectly 
through evacuated vessels, and the understanding of the vacuum was a charac- 
teristic result of the methods of modern science born in the Scientific Revolution. 
In other words the way to high-pressure steam, and all that it could do, lay 
dialectically through its precise opposite; and the whole historical process was 
an extraordinary justification of the classical idea of Taoist philosophy that 
emptiness would be the gateway to all power. 

Papin would never have guessed that seventeen centuries earlier in China 
some experimentalist stumbled upon the creation of a vacuum by condensing 
steam, and then proceeded no further. We have told this story before? but it 
deserves to be touched upon again here. Among the procedures in the Huai Nan 


^ On horn-working in China see Section 42 in Vol. 6. There is an account of the craft in Grosier (1). vol. 7, 
pp. 237 f. 
^ Vol. 4, pt. 1, pp. 69 f. 
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Wan Pi Shu (Ten Thousand Infallible Arts of the Prince of Huai-Nan), probably 
of the —2nd century, there is one which runs as follows: 


To make a sound like thunder in a copper vessel (thung wéng!). Put boiling water into 
such a vessel [which must be closed extremely tightly],? and then sink it in a well. It will 
make a noise which can be heard several dozen li away. 


If the vessel was full of steam when it was let down into the cold water, conden- 
sation would have created a vacuum, and if the copper was thin an implosion 
would have followed, echoing far beyond the well. Perhaps it was characteristic 
of the place and time that the invention served only military or thaumaturgical 
purposes, with no attempt to use the strong force that was evidently present. 
Here there was no piston, but nor was there any in a collateral development 
which also preceded the steam-engine, and also arose from the properties of 
gunpowder, namely the vacuum displacement systems for water-raising. As ear- 
ly as +1661 Samuel Morland got a patent or warrant for pumping water from 
mines or pits more effectively “by the force of Aire and Powder conjointly', but it 
was never finalised.^ Then in +1678 Jean de Hautefeuille published his tract 
entitled Pendule Perpetuelle which included ‘a way of elevating water by gunpow- 
der'.* Actually there were two ways (Fig. 232). In the first, a rising pipe from the 
water 30 ft below delivered into a vessel that was partially evacuated by explod- 
ing a charge of gunpowder in it, and the water so sucked up was drawn off by a 
tap into a reservoir; this in turn could act as a second-stage sump for a further 
30 ft lift arranged in the same way. Such cisterns in pairs, with gunpowder suc- 
cessively let off, would give a continuous discharge. But this was doing no better 
than a set of suction-pumps, so à second system was described, for use where 
force-pumps were necessary. Here a horizontal pipe was set under the water- 
surface down below, with an inlet-valve at its central point. At one end of this 
pipe there rose above the water-level a short vertical tube leading to a gunpow- 
der combustion chamber. At the other end a much longer tube rose up having a 
succession. of non-return valves. As one charge after another was ignited, the 
water was driven up the rising main as high as the materials would stand. In this 
second system there was no dependence on the partial vacuum, and the gun- 
powder could be supplied in culasses like breech-loading cannon.” All in all, 


* TPYL, ch. 736, p. £5, tr. auct. ^ This clause is from ch. 758, p. 34. 

© Itreminds one of Shen Kua valuing petroleum only for the black soot it would make, so suitable for ink, 
and for no other purpose (Vol. 3, p. 669). 3 Rhys Jenkms (3), p. 44; Dickinson (4), p. 16. 

* GI. Rok (1), p. 33; Кон & Allen-(1), p. 24; Galloway (1), pp. 18 Е; Thurston (1), pp. 24H. The second 
traci (1682) adds various improvements. 

` The gases and air were exhausted through four non-return valves. 

` €, But dé Haurefeuille could well have known of Babington’s fourth trier method, where water was displaced 
by the combustion ases, 

+ Oi pp: 965 абре. How close the connection is between the canaon-and the steam-engine appears when 
one realises that Newcomen Вай to get his cylinders bored smooth by the gun-founders; Rolt (1), p. 8o. 


! $i 
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Fig. 232. Jean de Hautefeuille’s methods of raising water by means of gunpowder explosions, after Hollister- 

Short (4j, p. 16. The drawing is from the rare tract of + 1658. In Fig. vu arising pipe delivered into à vessel 

that was partially evacuated by exploding a gunpowder charge in it, and the water so raised was drawn off by a 

tap inte а reservoir. In Fig. уш, however, the force of the gunpowder. explosions brought about the raising of 

the water through non-return valves as high as the materials would stand. Agai&, these syStemis were precur- 

sory to "Thomas Savery's ‘water-commanding. engine’ of +1698, which made use of the more convenient 
expansion and condensation of steam. 
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these devices would obviate the expense of great numbers of men and horses in 
mines, drainage-schemes and the like. 

But the vacuum came back with а bang in Captain Thomas Savery's *water- 
commanding engine’.* In this machine, so often described, water was sucked 
up some 30 ft into a vessel made vacuous by condensation of steam, then forced 
higher still by a second admission of steam, suitable cocks being turned by hand 
at the several phases of the system.* A continuous discharge was gained by 
having two vessels in parallel, one being filled by suction while the other was 
emptied upwards by pressure. This was ready by +1698, but ran into many 
difficulties largely because of the inferior strength of the materials available. 
William Blakey improved it nearly a hundred years later, but by then Thomas 
Newcomen's atmospheric steam-engine, working a rocking beam, the ancestor 
of all later steam-engines, had been set up in many places since +1712, and 
the need for displacement systems was no more felt. Still, they are justifiably 
numbered among the predecessors of steam power. 

From all that has how been said it will be evident that the explosive force of 
gunpowder played a fundamentally important part in the development of the 
steam-engine. But there is a second chapter yet to relate, that of the internal- 
combustion engines. Of these the very first was the hand-gun and cannon or 
bombard itself, which we have traced back to China about +1285; and the 
gunpowder-engines of Huygens and Papin were of the same category since they 
exploded the mixture within the cylinder itself and not in any separate vessel. 
The water of Papin's first steam cylinder was heated directly in it, so his ex- 
perimental engine was an ‘internal’ one although there was no ‘combustion’, but 
as soon as Thomas Newcomen decided to have a separate boiler, as he did in the 
early years of the +18th century, the line of descent of the steam-engine sepa- 
rated off from all true internal-combustion engines. Still, for a century and more 
thereafter men’s minds continued to be haunted by the idea of having an explo- 
sion right in the cylinder, and somehow taming its violence to give useful power. 
But the purpose of the explosion was now quite different from that of Huygens; it 
was no longer to drive out air and gases with a view to forming a vacuum so that 
the piston would get sucked in (at least some way), it was rather to effect a 
working stroke more closely similar to that of the cannon itself—though the 
piston was not free to depart from the machine. 


a Savery was born about +1650 and died in +1715. His title may have come from mining; ultimately he 
became F.R.S. in +1705. 

> E.g. Dickinson (4), pp. 188; (6), pp. 171 f; Matschoss (1), pp. 39; Wolf (1), pp. 5518.5 Rolt (1), 
pp- 35 Æ; Rolt & Allen (1), рр. 24 ff. Savery may have been preceded by other inventors such as David Ramsay 
in +1631, Edward Somerset (Marquis of Worcester) in +1663, and Samuel Morland in +1685; but the de- 
scriptions of their pumps are not clear enough to be sure. 

© Note that this combined both the principles which de Hautefeuille’s gunpowder designs had kept 
separate. 

9 In +1776; Dickinson (4), p. 28. Denis Papin, in +1707, a few years before his death, also had a go, and 
put in to the Royal Society for research funds, but Savery refereed it and the grant was withheld. 

© Savery’s principle persists, however, in Hall’s pulsometer pump (1876), still made. 
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It is interesting that the evolution of the steam-engine was just about complete 
by the time that engineering inventors began producing designs for internal- 
combustion engines.* The separate condenser had been evolved by James Watt 
between +1765 and +1776," the double-acting principle? came in about the 
same time as reciprocating rotary motion’, c. +1783, and high-pressure steam 
was introduced by Richard Trevithick from 1811 onwards.‘ In the light of this it 
is quite interesting that gas-engines date from about 1826, and all the oil-engines 
(among which one must include those running on Diesel oil and petrol) from 
about 1841. 

The first way of getting an explosion in the cylinder was to make a mixture of 
air and coal gas, and then to ignite it on each stroke.’ This was accomplished 
more or less by Samuel Brown from 1823 onwards, but his engine was not a 
success.” Ignition at reliable intervals was always the problem, and William 
Barnett used coupled gas flames in 1838. Others turned to different gases, such 
as hydrogen and air, or pure methane and air; as in the work of Eugenio 
Barsanti and Felice Mateucci between 1843 and 1854, and it was these inven- 
tors who were the first to introduce that electrical ignition to which the future 
belonged) But the Newcomen of gas engines was J. J. E. Lenoir (1822-1900)* 
who in 1859 made the first practical types, resembling horizontal double- 
acting steam-engines, with flywheels, slide-valves and water-cooling.! The next 
greatest step forward came, however, when Alphonse Beau de Rochas (1815 to 
91) described in 1862 the four-stroke cycle basic to the successful operation of all 
internal-combustion engines. The first outward stroke of the piston draws the 
explosive mixture into the cylinder and the first inward stroke compresses it; 
ignition then takes place at or about the dead-centre position and the explosion 


а Part of their impetus undoubtedly came from the fact that the power/weight ratio of steam-engines was so 
low, so that they were not adaptable for small factories and workshops, nor for road transport, let alone for air. 

* Dickinson (4), pp. 60 f.; Galloway (1), pp. 142 F.; Wolf (2), pp. 618 f.; Needham (48), p. 11. 

* [n which steam is admitted on both sides of the piston alternately so that each stroke does useful work 
(Dickinson (4), рр. 79, (7), рр. 124 £., 134 .; Galloway (1), pp. 162 #.; Wolf (2), pp. 621 Е). This principle 
was much more ancient in China, as the history of the double-acting piston-bellows goes to show (Vol. 4, pt. 2, 
рр. 135 f.; Needham (48), pp. 15 f.). 

9 This again was ancient in China; p. 545 above. Cf. Needham (48), pp. 29ff. 

© Dickinson & Titley (1), pp. 127 f., 144; Pole (1), p. 51; Galloway (1), p. 192. 

f This is mostly methane, with small amounts of CO, СО», ethylene and acetylene. Here we cannot go into 
the history of gases, which forms so large a part of that of modern chemistry itself, nor do more than recall John 
Baptist van Helmont's coining of the word, but a quick reference to coal gas would be the book of Clow & Clow 
(1), pp- 389 ff. 

* [n what follows we use the expositions of Field (1); le Gallec (1); Uccelli (1), pp. 373 E., 377 Е, 38181; 
Usher (1), pp. 370 f., 2nd ed. 406 £.; Burstall (1), pp. 333 Е; Gille & Burty (1); and Day (1). 

^ There had been a string of similar projects and patents almost from the time when gas-lighting was 
introduced (Clow & Clow (1), p. 429). Robert Street's ideas (+1794) were vague, but Philippe le Bon d'Hum- 
bersin in 1799 got rather further. 

* James Johnston in 1841 dared to try hydrogen and oxygen, but in those days the liquid forms were 
(perhaps fortunately) not available. 

J Something of the sort had already been suggested by Alessandro Volta in +1776. 

* See Leprince-Ringuet et al. (1), p. 148. 

! This was always a problem. In 1862 M. Hugon made an engine in which a fine spray of cold water was 
injected into the cylinder after each explosion, but it was unsuccessful. 


566 30. MILITARY TECHNOLOGY 


drives the piston on its second outward stroke, after which its second inward 
stroke expels the burnt gases from the cylinder.* Now at last the engineers had 
got their explosions under control, so to that extent the cannon was by 1860 
firmly mastered. The real dénouement from our present point of view was, 
however, yet to come, as we shall see. A few gas-engines are still running, 
though most of them exist today only in museums;? naturally they could never 
go far from gas supplies," though of course there is a sense in which all internal- 
combustion engines are gas-engines since the combustible material enters the 
cylinder as a fine spray mixed with air. 

There followed an entr'acte or deviation somewhat analogous to the steam- 
vacuum displacement water-raising systems in the history of the steam-engine— 
namely that of the hot-air engine. John Stirling in 1826 and Eric Ericsson in 
1849 had the thought of substituting for steam some new motor fluid more eco- 
nomical and easy to deal with. They therefore fell back on air itself, noting that 
its volume increases by a third between о° and 100°, doubles by 272° and triples 
by 544°. Most of the older generation have memories of seeing part of an engine 
heated by a blow-torch, after which a swing of the flywheel would set the 
machine going; but although a number of engineers sought to perfect it, there 
were many disadvantages, such as fire danger and deformations of the working 
parts, with the result that like the gas-engine it now survives only in museums, 
and on a small scale for toys and working models." The hot-air engine lies on a 
siding because no explosion, no internal combustion, was involved, only the 
expansion of heated air; but some source of heat remained imperative, so a 
heat-engine it certainly was. But the motive power of the future it was not.* 

The dénouement of the whole story came in 1836, when Luigi de Cristoforis 
(+1798 to 1862) began to think of making an internal-combustion engine run on 
naphtha, a project which he perfected by 1841. Now at last those light fractions 
of distilled petroleum, originally as Greek Fire so hurtful an incendiary weapon, 
burning men as well as things, were to become a beneficent power-source for 
daily use. What the Byzantine +7th century had begun and the Chinese + 1oth 
century had continued, now, after a thousand years, found its ideal place within 
the cylinders of internal-combustion engines. Perhaps we should pause here an 
instant to consider all the oily substances of this kind which can be used as 
combustibles; for oil-engines,! Diesel engines and petrol engines form a single 
family: We can tabulate the boiling points of these hydrocarbon fuels as follows:* 

d This is generally known-as the Otto Cycle, after А. М. Otto (1832-91) who re-invented it in 1377. 

^ Wehave one in the Cambridge Museum of Technology at Cheddar's Lane. 

* This was:no donbt-the greatest limiting factor for their ubiquitous mobility. Only in difficult conditions 
when liquid. fuels were in short supply, did vans aud buses carry balloons of gas on their roofs, or, аз in 
war-time China, water-gas generators alongside the driver's seat. А 

а Ме Johw Shaw, to whom we are indebted for mach information about present-day practice, remembers 
seeing a 0-25 hip. hot-air engine driving laundry apparatus in an Irish country house for many years. 

* "Nevertheless it had obliquely a magnificent descendant, as we shall shortly see. | 

г Мапу oil-engines аге stillin service, and John Shaw tels us that an earlier generation of torpedoes ran on 


shale oil; and their engines were actually started with an explosive charge. 
à We take them from the tlassical Perkin & Kipping (13, pp. 7: £. 3368. 
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b.p. °С. 

petroleum ether or petrol 40—70 

gasoline 70—90 

ligroin or light petroleum 80-120 

benzene and toluene (from coal-tar) 82-110 

cleaning oil (turpentine-substitute) 120—150 

naphtha (from coal-tar) 140—170 (mostly xylene, 
pseudocumene, 
mesitylene) 

kerosene (paraffin oilj 150—250 

Diesel fuel oil 250—300 

carbolic oil (from coal-tar) 170-230 (mostly naphthalene 
and carbolic acid) 

creosote oil (from coal-tar) 230—270 

anthracene oil (from coal-tar) 270— 

lubricating oil 300— 


Many of the lighter fractions of these oils have been used in internal-combustion 
engines at one time or another, but eventually engineers settled for the lower 
b.p. oils in what we universally know nowadays as the automobile and aero 
engine. Higher hydrocarbons are commonly 'cracked' to give the lower lighter 
ones. 

The history of these power-sources can be briefly told. In 1873 J. Hock made 
an engine work with kerosene, and two years later Siegfried Marcus introduced 
petrol much like that of today; both worked in Austria. At the same time 
another petrol engine was improved by Enrico Bernardi of Verona, and in the 
following decade Gottlieb Daimler and Karl Benz (1883-5) brought it almost to 
its present form, attaining 800 r.p.m.^ In a parallel development many types 
of oil-engine appeared,^ but the greatest advance was made by Rudolph Diesel 
(1858 to 1913)? who in a certain sense married the hot-air engine to the oil or 
pertrol engine by compressing air violently to a temperature of 800°, sufficient 
io ignite spontaneously a quite heavy oil injected into the cylinder. As every- 
one knows, there has been a vast expansion in the use of Diesel engines, es- 
pecially for railway locomotives. Meanwhile, by 1895 the internal-combustion 
petrol-burning high-speed automobile engine had reached essentially modern 
design in the hands of the Count de Dion and M. Bouton.* 

So now, reflecting on what we have found, we can see that the inventions of 
Greek Fire in the +7th century and of gunpowder in the +91 were not the 
unmitigated. disasters that many people, even Shakespeare, speaking through 


a 


Larsen (1), pp. 149 f. > Field (1), pp. 164 8 

* Dent & Priesunan (1885), Capitaine (1893). Hornsby, Crossley, etc. 

2 See Leprince-Ringuet (1), p. 152. 

© Eremember well the De Dion-Bouton limousine which my father, who was then in general practice in 
South London; bought to visit his patients in the first decade of the present century. 
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his characters, have thought. Without them we might have had neither the 
steam-engine nor the internal-combustion engine. And the moral is the same as 
that which we saw in the case of the rocket—all depends on what you do with it. 
Like fire itself, which can be used either for cooking food and warming people, or 
alternatively for torturing and killing people, the uses of every invention depend 
upon human ethical judgments; a problem for mankind as a whole, and com- 
mon to all the civilisations. But the tragic aspect of history is that it should take 
so many centuries to find out the good use of inventions, and to refrain from the 
evil. 


(21) INTER-CULTURAL TRANSMISSIONS 


Looking back over the long countryside through which we have come, the out- 
standing impression one has is that what took 400 years to develop in China was 
then conveyed to the Arabic countries and Europe within 40 years or rather 
less.* Two fuses in particular led into this gunpowder train, a previous 600 years 
of the isolation and purification of saltpetre in China alone,” and a previous 200 
years of the distillation of petroleum,‘ first in Byzantium, then in Middle and 
South-east Asian lands and China. All the long preparations and tentative ex- 
periments were made in Сһіпа, and everything came to Islam and the West 
fully fledged,* whether it was the fire-lance or the explosive bomb, the rocket" or 
the metal-barrel hand-gun and bombard. It reminds one of the old rhyme: 


The bible and Puritans, hops and beer, 
Came into England all in one year. 


A multitude of traits there are which betray the derivativeness—the use of the 
term for a vegetable drug,’ the persistence of mineral, plant and animal poisons 
in the powder,” the trumps as the fire-lances of Europe, and the vase-shape of 
the early bombards/ Striking parallelisms there are too, notably the warnings of 
the fate which might befall the early powder-makers.* All in all, the gunpowder 


* Cf. pp. 274, 294, 304 above. ^ Cf p. 107 above. 

* The reason why Greek Fire was important was twofold: first its prefiguration of the incendiary properties 
of low-nitrate gunpowder, and secondly the fact that the first appearance of gunpowder in war was in the form 
of slow-match for petrol flame-throwers. See p. 92 above. 

4 This can be seen well in the study of the gunpowder compositions, pp. 346. above. 

* Cf. p. 348 above. There was a difference, however, in that the Arabs, receiving gunpowder weapon 
technology first, used the mixture (as had been the case in China much earlier) primarily as a more effective 
sort of incendiary (cf. Ayalon (1), pp. 9, 14, 24-6). Above ( p. 45) we noted how the terms naft, and then barud, 
were used for centuries in Arabic to denote gunpowder, ignoring the sulphur (kibrit) and the charcoal (fahm). 
Partington (5), p. 197, acutely remarked that this was explicable if gunpowder reached the Arabs from China, 
but not if it came to them from Europe, where gunpowder was not used as an incendiary to begin with. 

f Cf. p. 472 above. Transmissions were going on here as late as + 1450. 

в P. 108 above. ^ See p. 353 above. i See pp. 261 ff. above. 

i See pp. 325ff. above. It is also striking that these were used to shoot arrows, in the West as in China 
previously (cf. pp. 287—8, 307 ff. above). Partington (5), p. 101, found a dozen examples down to +1588. 

k Pp. 111—2 above. And we could add here the use of live expendable birds (Cf. pp. 211 #.), recommended 
by John Arderne about +1350 (Partington (5), p. 324). 
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Fig. 233. Chart to illustrate the inter-cultural transmission of gunpowder technology in the Old World. For 
discussion, see text. 


formula was China’s equivocal gift to the rest of the world, passing through 
channels which we have attempted to depict in the chart of Fig. 233.4 

It may also be appropriate to consider the environment or accompanying 
circumstances in which the basic transmission occurred. From all our work we 
have been able to distinguish particular ‘transmission clusters’, times when 
several important inventions and discoveries came westwards together.» For ex- 
ample, there were several which accompanied the transmission of the magnetic 


* Transmissions in the reverse direction when Europe was developing capitalism are also shown in this; cf. 
рр. 365 F. above for the breech-loading principle and improved artillery, pp. 429 ff. for the matchlock musket, 
and pp. 465—6 for flint-and-steel ignition. 


e Cf. Vol. 4, pt. 3, pp. 695; Vol. 5, pt. 2, pp. 123-4, pt. 4, рр. 157. 492 ff. See also Needham (64), pp. 22, 
24, 32, 33-4, 61-2, 133, 210, 300. 
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compass, the windmill and the axial rudder in the - 12th century; and there 
were others which went along with the mechanical clock, the blast-furnace for 
cast iron,? the segmental arch bridge, and the helicopter top, in the 4 r4th. It 
remains to be seen what transmissions exactly we should place with gunpowder 
in the +13th. Probably certain forms of textile machinery were among them, 
paper-making and printing were on the way, but above all there was that deep 
conviction emanating from China that if men knew more about chemistry un- 
told longevity could be achieved. Roger Bacon (+1214 to 92), the first European 
to talk like a Taoist, represented this outstandingly——and yet by a strange para- 
dox he himself was one of the first Europeans to record the constituents and 
effects of gunpowder. This was neither the first nor the last occasion in human 
history when men would touch and know, and come to handle, the double-edged 
powers inherent in Nature, pregnant with almost unlimited might for good or for 
evil. What gunpowder was for Brother Roger, nuclear energy is for us. 

So now it is time to draw all the threads of this sub-section together, and 
tackle the problems of how the Chinese discoveries and inventions spread out 
over the whole world. The great advantage of pin-poinüng the dates of appear- 
ance of specific things in the regions of Europe and West Asia is that we know in 
what decades to look for the means of transmission; and by the same token we 
have to be clearly aware of the dates at which specific inventions first made their 
appearance in China. People have often talked about the passage from East to 
West of the knowledge of gunpowder as such, but in fact it looks as if we ought to 
be searching for three separate transmissions: (а) whoever it was that brought 
the present of fire-crackers to Roger Bacon, soon before +1265; (6) how the 
knowledge of fire-lances, bombs and rockets got into the hands of Hasan al- 
Каттаћ and Marcus Graecus by +1280; and lastly (с) how the metal-barrel 
bombard and hand-gun found their way to the European military by about +1300 
in time to get into the picture in the MS. of Walter de Milamete. The first three of 
these things had been current in China, as we know from the abundant evidence 
already given, from the +10th century onwards, the fourth (rockets) since the 
second half of the +12th, and the last only from about +1290. Increasing com- 
plexity and effectiveness were thus mirrored in increased speed of transmission. 

Perhaps the first of these passages is the easiest to understand. As we noted 
already (p. 49), when Roger Bacon was writing about his fire-crackers, it had 
been just thirty years since the first friars had visited the Mongol court at Kara- 
koron. In the intervening time severa] eminent ecclesiastical travellers had fol- 
lowed them, notably John of Plano Carpini, who went as envoy from Innocent 
IV to the Mongol khan in +1245, returning two years later;? and André de 
Longjumeau, who went again on the same mission in +1249.° Above all there 


^ We know now that this belongs rather to the former cluster, and first in Scandinavia; see Tylecote (1); 
Wagner(0).  — | н : í 

* GE pp: 47-8 above. 

© ‘This conviction was already forming in the course of a conversation which we had with Féng Chia-Shéng 
in Peking in 1952. 

4 Rockhill: (5); Beazley (3); Komroff (1). < Pelliot (10); Sinor (7). 
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was William Ruysbroeck. another Franciscan, sent by King Louis in +1252 and 
returning by +1256; particularly important not only because he wrote up all his 
travels but because he knew Roger Bacon personally in Paris.* Nor were all the 
voyagers friars, for there was a layman, a French knight, Baldwin of Hainault, 
sent out to treat with the Mongols by the Latin emperor of Byzantium Baldwin 
П about +1250. Much better known was Guillaume Boucher, goldsmith, metal- 
worker and engineer, who had employment at the court of the Great Khan at 
Karakoron under Küyük (т. + 1246-9) and his successor Mangu (r. + 1250-9),^ 
during which time he was personally known to William Ruysbroeck. He worked 
alongside many Chinese artisans, and he would have been particularly in- 
terested in any piece of technology emanating from Cathay. Ail in all, there were 
many channels, some quite direct, through which the fire-crackers (and the 
knowledge of what was in them) could have reached Brother Roger. 

But West European friars and knights were not the only people in the picture. 
Herbert Franke (20, 26) discovered a very interesting account of the appearance 
of Scandinavian traders in +1261 at the Mongol court, which by then had 
moved a long way east, from Karakoron (Ho-lin')* to Shangtu?, north of 
Peking." One of the Chinese court secretaries, Wang Yun’, kept a diary of those 
years, the Chung Thang Shih СМ, and in it he recorded the following event: 


In June there came merchant-envoys from the Fa-Lang? country (Frankistan) and 
(Khubilai Khan‘) received them in audience. They presented garments made of vege- 
table fibres” and other gifts. Their home, they said, which they had left three years 
before," was in the Far West, beyond the lands of the Uighurs. In that country there is 
always daylight (chhang hua pu. yeh®), and you can only а the evening time by seeing 
when the field-mice (yeh shu’) come out of their holes. . 

The women are very beautiful, and the men generally have blue ( 218) eyes and blond 
(huang?) hair.. 

Their ships a are large, carrying between 30 and r00 men. These people presented a 
yine braker made from the egg-shell of a sea-bird, and. wine poured into it became 

warm at once. It was called a *warm-cool cup’ (wên liang chan!) J 


è Cordier (1), vol. 2, p. 398; Komroff (1j; Dawson 
the Intermediary was most probably Ruvsbroeck. 

^ Olschki (4) devoted a monograph to him. There was a small colony of Latins resident there, including a 
woman, Paquette of Metz, and the interpreter Basil the Hungarian, son of an Englishman. Cf. Komroff (1), 
рр. 13475, 197 160; Dawson (3), рр. 157. 176-7. 

* A place N.E. of the Altai Mountains and S. of Lake Baikal, on the Orkhon River. 

5 This place, Dolon Nor, was the summer capital from + 1260. The Jurcheu Chin State had already been 
conquered in + 1234. 

* In Chiu Chien hsien-sing Ta Chhüan Win Chi, ch. 81, pp. gb, toa; tr auct. adjuv. Franke (20, 26). The visit 
is also mentioned in Asin Yuan Shik. ch. 7, p. 105. 

*. He had been enthroned just the year before. 

= Perhaps cotton, more likely linen from flax. 

* Le in +1258. 

| Amearly observation of circadian rhythms? 

3 "The suggestion that the effect was due to quicklime in the shell-is not scientifically plausible. 
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; Beazley {3). Chambers (1), pp. 160-7, believes that 
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The emperor was very pleased that this group had come so far, and gave them liberal 
gifts of gold and textile materials. 


Could he perhaps have given them some fire-crackers also? In any case it is 
obvious that these must have been yellow-haired Norsemen, from the ‘white 
nights! of Scandinavia, probably coming by way of Novgorod,* at that time the 
centre of an independent State. And this was several years before the elder Polo 
brothers reached the court of the Great Khan. It would have been just in time 
for Roger Bacon's description. 

Next comes the second problem, that of the transmissions of the more compli- 
cated devices which reached Hasan al-Rammah and Marcus Graecus by +1280 
or so. Paradoxically, these do not seem to have taken place during the European 
campaigns of the Mongol armies, which lasted for about a decade from +1236 
onwards.? In that year Bulgaria was overrun, and in the next all Russia was 
devastated.* Kiev was taken in +1240, and the greatest fight, at Liegnitz, was in 
the following year, when an army of 10, ooo Germans, Teutonic Knights, Poles 
and Silesians, under Henry the Pious, Duke of Silesia, was overwhelmed. After 
this the Mongols faltered, failing to take Olmutz, and sheering off from Austria, 
instead going down to the Adriatic coast, avoiding Dubrovnik (Ragusa) but 
sacking Kotor and many other places. By +1246, when Küyük was elected 
Great Khan, the westward push was over, though Poland was invaded again, 
Kraków burnt in +1259, and Budapest destroyed as late as +1285. 

Now the Mongols were essentially mounted archers with strong tactical dis- 
cipline,? and on the whole made little use even of trebuchet artillery, though 
some such engines appear from time to time.* Incendiary arrows occur in the 
accounts, however./ There is no mention of gunpowder in the narrative of John 


а S. of Leningrad and W. of Moscow. Scandinavian-Russian commerical connections were intimate all 
through the Middle Ages. 

^ See Cordier (1), vol. 2, pp. 246ff. * With the notable exception of Novgorod. 

* Liddell Hart (2) remarked that the role of tanks and planes in modern warfare, exemplifying the theory of 
*fire and mobility', was a natural development of the tactics of the Mongolian mounted archers. Both Rommel 
and Patton, he says, were students and admirers of generals like Bata, Bayan and Mangu, Ógótái and Subotai. 

* As in Howorth (1), pt. 1, p. 149; Martin (2), p. 67; d'Ohsson (1). Yule (1), vol. 2, p. 168 quotes a fugitive 
Russian archbishop as saying of the Mongols in +1244: ‘Machinas habent multiplices, recte et fortiter 
jacientes'. Trebuchet artillerists are much more in evidence during Hulagu's campaign against the Muslims of 
Persia and Iraq from +1253 onwards. Indeed he mobilised whole regiments of Chinese engineers, with arcubal- 
listae as well; Yule (1), vol. 2, p. 168; Reinaud & Favé (2), pp. 294—5; Huuri (1), pp. 123, 181; Howorth (1), pt. 
3, р. 97; Boyle (1), vol. 2, p. 608. 

We have already given a translation of the interesting passage Howorth quoted (and cf. p. 89 above). 
Presumably by this time they fired gunpowder bombs with strong cast-iron casings (chen thien lei), cf. p. 171 
above. Later still, in the unsuccessful campaigns of the Ilkhàn Ghazan against the Mamluk Caliphate in 
+1299 and +1303 for the control of Syria, there must have been many opportunities for the transfer of 
gunpowder technology to the Arabic armies, but the dates are by then rather too late for our present purpose. 
Cf. Ayalon (1). 

* And also hot-air balloons or wind-socks like fire-breathing dragons used for signalling or as standards. 
This is a curious subject demanding further research; we collected and discussed a number of references in 
Vol. 4, pt. 2, pp. 597-8. 
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of Plano Carpini (+1247) though he describes the European campaign in some 
detail; but he does talk of Greek Fire (or naphtha) in pots thrown over the walls 
of besieged forts or cities.* Prawdin alone asserts? that the Mongol forces under 
Васа used gunpowder at the Battle of the Sajo River against the Hungarian 
King Bela two days after Liegnitz; Goodrich & Féng Chia-Shéng took leave to 
question 115, and asked for evidence, but we do not know of any subsequently 
provided.‘ On the whole therefore it seems fairly safe to say that the wars of the 
Mongols against Europe were not the means of transmission of gunpowder tech- 
nology to the West.‘ 

But after +1260 or so the case is altered. Many men from Persia, Syria and 
the Arab lands entered the Mongolian service in China, and some were military 
technicians. As is well known, the Yuan dynasty under Khubilai preferred to 
employ foreigners as far as possible to run the Chinese State, not trusting the 
scholars with their difficult written language, nationalist sentiments, and age-old 
administrative customs." This was why 5414 Ajall Shams al-Din (Sai-Tien- 
Chhih Shan-Ssu-Ting!) found himself from +1274 onwards Governor of Yun- 
nan, where he accomplished many valuable works especially in hydraulic en- 
gineering besides establishing a Confucian temple, schools and libraries.? Later, 
another Shams al-Din (Shan Ssu?) achieved great fame as a geographer and 
engineer. In +1263 a Nestorian Arab physician, ‘Isa Tarjaman (Ai Hsiieh*) had 
been appointed Director of the Astronomical Bureau, and all his five sons were 
in the Mongol service. From +1266 onwards the Arab architect Ikhtiyar al-Din 
(Yeh-Hei-Tieh-Erh*), a great master of the Chinese style, was laying out lakes, 
palaces and city walls and buildings at Khubilai’s capital, Peking. 

Any of these men could have had a hand in conveying to the people of 
Islam and Christendom the knowledge which is at issue here. How much more 
so, then, could the professional military men have done it—and they were 
not few. One of their periods of greatest prominence was at the siege of 
Hsiangyang® (Saian-fu) between +1268 and +1273, when they made great use 
of those counterweighted trebuchets which seem to have been an Arab invention 


* Beazley (3); Komroff (1); Dawson (3), p. 37. He also remarks (p. 46) that the Mongols feared the cross- 
bow. Cf. Prawdin (1), pp. 263-4. 

> (1), p. 259. 

© (1), p. 118. Professor Owen Lattimore (priv. comm.) recalls reading of the use of gunpowder when the 
Mongols stormed Merv and Samarqand, but perhaps only in mines set off below the walls. 

d Saunders (1), pp. 176—9 made a special study of the question, and decided negatively. 

* Lot (1), vol. 2, p. 393 remarked that although firearms gave the Russians superiority over the Tartars in 
the +15th century, there was no evidence of the transmission of gunpowder technology from the Mongols in 
the +13th, though presumably they would have known of it. The more recent researches of Chambers (1), 
рр. 57, 63-4, 166—7, support the negative conclusion. 

© Cf. p. 209 above. The classical work on all these foreigners and their gradual, even sometimes rapid, 
sinisation, is that of Chhen Yuan (3). Goodrich (26) on their acculturation is well worth reading too. See also 
Chhen Yuan (1). 

* His son Husain (Hu-Hsin?) continued his benevolent activities. Cf. Vol. 4, ре. 3, p. 297. 
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and which afterwards took their Chinese name (hui-hui phao' ox hsiang-yang phao?) 
from their operators and the Sung city that was being attacked.? The oldest ofthese 
engineers was ‘Ali Yahya (A-Li-Hai-Ya?, d. c. +1280) the Uighur artillery 
general of Khubilai, and it was he who suggested the summoning of the two 
experts from Persia and Syria 'Ala al-Din of Mosul (A-Lao-Wa-Ting*, d. с. 
+1295) and "Ismá'il of Herat or Shiraz (I-Ssu-Ma-Yin?, d. +1274). The former 
had one son, Abü'] Mojid (Fu-Mou-Ché®, d. +1312) who succeeded his father; 
and the latter two, Abū Bakr (Pu-Pai’, d. с. +1295) and Ibrahim (I-Pu-La- 
Chin?, d. +1329)—all became artillery generals in the Yuan service. Whether or 
not their counterweighted trebuchets hurled explosive bombs, we do know that 
gunpowder weapons, such as fire-lances, were abundantly used in the opera- 
tions connected with the siege;^ and since it is unlikely that the Muslim com- 
manders would have been entirely cut off from their original home-lands, it 
would seem. extremely probable that they were among the means of conveyance 
of the technology, at least to the Islamic peoples." 

In connection with all this it is interesting to reflect that the first soldiers 
anywhere in the world to usc metal-barrel hand-guns were the Chinese detach- 
ments in the Mongol service a couple of decades after the fall of Hsiangyang. 
Gunpowder weapons had certainly helped to put Khubilai on the Chinese 
throne in the fifties. But although the appreciation of this new technology rose to 
a certain height among the Mongols of the end of the +13th century, later on, 
towards the end of the Yuan dynasty in the fifties of the 14th, they under- 
valued it again, and the great success of Chu Yuan-Chang in driving them out, 
and establishing the Ming, was partly because he supported all efforts to im- 
prove artillery and gunpowder weapons in general (cf. p. 26). 

So much for the soldiers, but we have still two other tribes of men to 
consider-—the ecclesiastics and the merchants. Both could have had some part 
to play in the transmission of knowledge about gunpowder bombs, mines, fire- 
lances and rocket-arrows before about +1280. Let us review once more the 
course of events in this turbulent century. The Mongols were on the up and up. 
First the Hsi-Hsia Tangut State was conquered, next the Western Liao kingdom 
of Qara-khitai, and then the Turkic lands of Khwarizm. When Ghinghiz died in 
+1227, four descendants took over, Ogétai to rule East Asia, Chagatai to govern 


* CE p. i75 above. In spite of what Rusticianus putin Marco Polo's book, it is as good as certain that the 
Polos were not present at the siege (cf. р. ауу above) nor their European trebuchet artillerist friends either. See 
Moule (13): 

5 Seep 174 above. 

© We need not think here only of the land route. One recalls that there had been colonies of Arabic mer- 
chants at several. of the great southern ports, notably Canton and Chhüanchow, since the +7th or +8th 
century (cf; Vol. 1, p. +86), From the remarkable work of Kuwabara (1).we know a good deal about the 
Comihissionerof Merchant Shipping at thedatter place between +1250 and +1275, Phu Shou-Keng?, himself 
а mani of Arab or, Persian descent; Here were obvious opportunities for contact with Syria, and the second 
transmission to al-Rammáh and Marcus Graecus-—to say nothing of the fireworks which the Muslim mer- 
chants might have thought fit to take along with them. 
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Turkestan, Hulagu in charge of Persia, and Bata leading the “Golden Horde’ on 
the Volga in South Russia. The Jurchen Tartar Chin dynasty in North China 
was overthrown in +1234, and far away to the West, Mangu invaded Armenia 
in 1236. The following year saw the fall of Russian Ryazàn, and the Mongols 
invaded Poland. In +1241, along with the victory of Liegnitz, there was the 
siege and capture of Budapest, but also the death of Ögötäi, to be succeeded by 
Küyük and then Mangu ten years later. In +1253 Mongol dignitaries went to 
register the population of South Russia for fiscal purposes,* and in the reverse 
direction (as we have seen) came the journeys of William Ruysbroeck and other 
Franciscan friars to the Mongolian court at Karakoron.^ They were diplomatic 
envoys quite as much as missionaries, sent to seek the help of the Mongols 
against the Muslims, traditional foes of the Frankish Christians. It was a classic 
case of that encircling strategy by which one seeks to mobilise the forces of allies 
whose lands lie beyond those of one's immediate enemy.* One would give a good 
deal to know what exactly the friars saw of gunpowder and fire-weapons during 
their wanderings in Mongolia and China. Although such interests would have 
consorted ill with their habit, they might have felt it their duty to bring back 
knowledge and skills which could conserve the safety and power of Christendom 
against the ‘infidel’. With this transmission in mind, the activities of the friars 
need looking at more closely than hitherto. One of them might even have been 
accompanied on the way home by some Chinese gunner who knew the multi- 
farious devices of the previous half-dozen centuries as well as the latest inventions, 
and was not averse to seeking his fortune in strange foreign lands—-but so far 
history has not had word of his name or his acüvities.? 

The overall strategy of the friars, directed against Islam, succeeded beyond all 
expectation, apart from the fact that the Mongols did the job for themselves, and 
made no firm alliances with Christian powers." Having subdued Persia, they 
invaded Iraq at the head of the Persian Gulf, and Baghdad fell in +1258. Two 
years previously the Mongolian Hkhānate, centred on Iran, had been estab- 
lished, and the great astronomical observatory of Maraghah founded! Then 
came a second possible medium of transmission, also ecclesiastical, the travels of 
Rabban Bar Sauma and his friend, the fascinating account of which was trans- 
lated from the Syriac long ago by Wallis Budge (2). These two young men were 


* Of Franke (20); Lot (1), vol. 2, p. 486. 

^ Ascelin.the Dominican and Girad of Cremona were there with Simon de 51 Quentin in +1247, André 
de Longjumeau in + 1249, and Bartholomew of Cremona accompanied William Ruysbroeck. 

* Cf. Val. i, pp. 223i: 

2 Only in one place have we found a possible name, that of Chhi-Wu-Wén!, a Mongol, who was said to 
have taken the knowledge of gunpowder technology to the Western world in the early Yuan time, the second 
half of the - 13th century. Tt was Үй Wei, an otherwise little-known scholar, who let this пате drop, and Miu 
Yu-Sun recorded it in his О Yu Hui Pien, whence it got into the Ko Chih Ku Wei (ch. 2, р. 28a). How firm this 
iradition would be is anyone's guess, but it dees-seem worth mentioning. 

© En tepanche, of course; from +1282 onwards they increasingly embraced Islam. 

СЕ Vol. 3, pp. 372; Howorth (1). pt. 3, pp. 1978 H will be remembered thar the astronomical delega- 
tion to China: "headed by Jamal al- Din (Cha-Ma-Lu-Ting?) took place in +1267. 
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Chinese Christian (Nestorian) priests of Uighur stock, born and educated in 
Peking, who pined to go on a pilgrimage to Jerusalem.* Neither of them ever got 
there, but they did travel the whole length of the Old World between +1278 and 
+1289 before returning to settle down in Persia and Iraq. The friend, Marqos 
Bayniel, was unexpectedly elected to a bishopric at Baghdad, as Metropolitan 
of Cathay, and then a year later Catholicos (Patriarch) of all the Nestorian 
Churches, as Mar Yabhallaha ПІ, so his duties detained him there indefinitely.” 
But Bar Sauma travelled on to the West as an envoy from the Ilkhàn Arghun,* 
visited Italy, and in +1287 was warmly received at Rome (where no unduly 
tactless doctrinal questions were asked), finally reaching Bordeaux (where he 
celebrated the liturgy in the presence of the King of England). Eventually he 
returned to Persia by way of Italy, and built a church at Maraghah, where he 
died in +1294. The purpose of this pilgrimage was again partly political, to get 
Western assistance for ousting the Muslims from Jerusalem, but it never had the 
slightest chance of success. The dates are rather late for the transmission we are 
looking for, but our shadowy Chinese gunner might conceivably have come 
along with the two priests, and handed on his knowledge to discreet persons in 
the Mediterranean region capable of receiving it. 

Lastly, we have to think not only of soldiers, or West Asian scholars, or eccle- 
siastics whether Latin or Nestorian, but of the European merchants. The name 
which springs to mind of course is that of Marco Polo, ‘Il Milione’ (the man who 
averred that there were millions of ships on China's rivers, and millions of 
bridges in Hangchow—and fundamentally he was not wrong).? But he did not 
leave China till +1292,° which makes him too late for the second transmission, 
though he might just have accomplished the third. His father Niccoló and his 
uncle Maffeo, who were in China first between +1261 and +1269, could on the 
other hand have been responsible for the second, the bringing of news of fire- 
lances, bombs and rockets. Marco was with them on their second visit (+1271 
to 95), during which he served Khubilai Khan, sometimes on secret service 
missions, more often in the salt administration; and when he left it was by sea, 
accompanying a Mongolian princess proceeding with a great fleet to become 
the Ilkhān Arghun’s second wife.! This might have been an even more appro- 
priate scenario for the Chinese gunner we have in mind, and now he could have 
been a gunner in the fullest sense, acquainted with metal-barrel bombards and 
hand-guns. 

Much less well known is the colony of Italian merchants established at Tabriz 
in the Ikhànate.? Though the silk trade had been active since +1257, the first 

2 Cf. Vol. 1, pp. 221, 225. 

> Chabot (1). * Chabot (2). 

3 Yule (1); Moule & Pelliot (1); Olschki (10). * A better date is +1291. 

£ Doubt has sometimes been expressed as to whether Marco Polo was ever in China at all, and certainly no 
one has found a reference to him in Chinese historical writings, but perhaps that is because he was too 
unimportant a person. Ho Yung-Chi (1), however, has brought forward a number of Chinese references to the 
sea-voyage of the princess and her entourage, which began in +1291, so that Marco's account of the circum- 


stances of his departure is thus far independently substantiated. 
* Sec Petech (5). ^ Cf. Lopez (3, 5). 
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name we know is that of the Venetian Pietro Vilioni, who died there in +1264, 
In +1269 Mongol ambassadors from the [khan arrived at Genoa; and a 
Genoese merchant, Luchetto de Recco, was stationed in Tabriz in +1280. From 
+1274 onwards Buscarello Ghisolfi played an important diplomatic role be- 
tween the Ilkhans, the Italian city-States and the Pope; he was even twice in 
London (+1289 and + 1300) on the usual ploy of constructing Mongol- Christian 
alliances against the Muslims, and accompanied an Englishman, Sir Geoffrey 
Langley, on a visit to the khan in +1292. Many other names of Italian mer- 
chants trafficking about this time in the Ilkhanate are known, both Venetian 
and Genoese.* The colony continued to prosper until about +1336. Its mem- 
bers could certainly have played a part in the second and third transmissions of 
knowledge which we are considering.” 

Perhaps there is room for speculation that the third, i.e. that of the true metal- 
barrel bombard and hand-gun, reached Europe directly overland and not 
through the Arabs at all. Lattimore acutely noted* that the Russian word for 
cannon is pushka, and that since the Slavs, unlike the Germans, do not confuse f ` 
with 6 in borrowed words,‘ the usual derivation from German Büchse, cannot 
hold water.‘ But phao' would go some way to meet the case, so perhaps the 
transition was fao —pushka— Büchse, and the usually assumed origin from Gr. 
рухі (nvéic), a box, is wrong. It is only fair to mention here a persistent 
Chinese tradition? that the Russians were the intermediaries in the travel of 
gunnery to Europe.^ The trouble with Arabic intermediation is that it is so hard 


а As also indeed Florentine, Pisan and Sienese. 

> But the Tartar (Mongolian) slaves, or domestic servants, who reached the Florentine markets for a 
century after about +1325 could not, for the dating is just too late (cf. Vol. 1, p. 189). True, Dr Alice Kehoe 
(priv. comm.) tells us that sugar-cane plantations in Cyprus, owned by Crusaders, were worked by such slave 
labour in the late + 13th century, and if this can be substantiated, it would have constituted a possible channel, 

© (10), p. ro. Prof. Owen Lattimore had already discussed the point in correspondence with us in the 
autumn of 1954. 

4 Preobrazhensky (1), s.v. He notes similar forms in Bulgarian, Serbo-Croat and Albanian. 

* The usual view, expressed by Lot (1), vol. 2, p. 392, was that cannon were unknown in Russia before 
+1389, when they were acquired from Germany. 

f Mavrodin (1) argued long ago that some Turkish word might have been the origin. The paper of Vilin- 
bakhov (1) deals only with naphtha pots thrown from trebuchets and arcuballistae in Russia, while that of 
Vilinbakhov & Kholmovskaia (1) discusses Chinese sources only. Both are rather confused. 

= E.g. in Ko Chih Ku Wei, ch. 2, p. 28а. 

^ Dr Michael Hendy suggests to us that the derivation of the Russian silver rouble (О.К. rubli, a block or 
lump) from the Chinese silver ingots used in currency might perhaps be a parallel. In the Thang and Sung, 
these silver ting? or ping? weighed 50 oz. each, but in the Ming the weight of the ingots (kho tzu‘) fell to 5 oz., no 
doubt for greater convenience in transactions, and in the Chhing it was but a single ounce (/iang5). This was 
the tael, so prominent in the writings of Old China Hands, a word derived, it seems, from Hindi tola, a weight, 
via the Portuguese. Although in universal use for centuries, the only issue of these by a government as official 
currency, took place in +1197 in the J/Chin State, when silver pieces were cast in five weights varying from 1 
to то oz. On all this see Yang Lien-Shéng (3), pp. 43 ff 

What is not so generally known is that before the + 15th century silver ingots, in the form of elongated rods 
the size and length of a table-knife handle, circulated in Russia, as also in Rumania; they were actually made in 
Byzantium, exported north, and much used in the trade between the Slavs and the Mongolians. Here then 
would be another example of the influence of Chinese ways on the Slavonic peoples, and it would be compati- 
ble with the date for the cannon transmission about +1300. 
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primitive 
prototypic 
Fig. 46 
tube of bamboo or other tube of metal (copper, bronze, 
relatively perishable material wrought iron or cast iron; 
simple double sand, co-viative arrows double co-viative arrows 
barrel dust projectiles barrel projectiles 
(or more} (or more) 
Figs. 44, | Figs. 55, Fig. 48 — Figs. 47, Figs. 53, Figs. 55, Figs. 49, Figs. 51, 
45, 47, 56 50, 60 54 56 50, 57 52 
63 
strengthened true gun or proto-gun 
with iron wire projectiles 
Figs. 53, 59, 6! Figs. 58, 62 


Fig. 234. Stages in the development of the Fire-lance. 


to tell when midfa‘ as the name for the fire-lance emitting co-viative projectiles 
(or proto-gun) turned into midfa' as the name for the true metal-barrel bombard 
or hand-gun. This transition had certainly not happened by the time of al- 
Rammah (с. +1280), but it probably did happen during the following few de- 
cades. Possibly, therefore, the Arabs received the bombard from Russia, Eastern 
Europe, including the Balkans, or Germany, rather than directly from China. 
The earliest date for the bombard in Spain has been held to be +1359,° but 
Lavin (1) makes it +1343, when during the siege of Algeciras the Moors within 
used iron cannon (tires de hierro), and. truenos (bombards)." This was well after 
Walter de Milamete's picture. 

So here we are back again at the deadline of +1327, or better, a dozen or more 
years earlier. We can ignore all the events that happened after that, however 
exciting they are in themselves, such as the colony of Italian merchants at Yang- 


*- Partington (5); p: 123. 
» Though this word was ањо used for. ihe projectiles themselves. Another trait betraying knowledge of 
Chinese usage? Cf. Partington (5); pp. (93-4. Even the word “guane could be used for a projectile. as Burtt (1) 
noticed in. The Avawynge of King Arthur (+ tach cent}, st. 65: 


‘there came fliand а gunne 
And lemet as the ов. tus 


“TOP Partington (5), pp. 200 ff, 204 E: 
ае дау this по because of the Ghent teference af: $1313 to Busser met knit; which, though accepted. by 
Hime (i) p. 119, was rejected. by Partington (3). p. 97 as a forgery, but because there mast have been 
bombards and hand-guns im Europe some little rime before Walter de Milamiete's picture. A F loreritine refer- 
ence of + 1426 is more acceptable, though Arima (1), p. 339. expressed scepticism about it. On the general 
_ development of artillery in Europe after this time, see Partington (5), pp. 986. 





30. THE GUNPOWDER EPIC 579 


chow, and the tombstone of Catherine de Vilioni there dated +1342, or the 
activities of the Loredans in China around +1339,° or the embassy of the 
Genoese merchant Andaló de Savignone from the Yuan emperor Shun Ti 
(Toghan Timur) to the Pope in +1336.° Nor need we be concerned with the 
book of Messer Francisco Balducci Pegolotti (1) about travel and merchandising 
through the length and breadth of Asia (though he never actually went to 
Cathay himself), since he did not write it till about + 1340. Similarly, the jour- 
neys of the Latin bishops John of Monte Corvino," John de Marignolli/ and 
Guillaume du Prat? are all too late to be included in our story. By the beginning 
of that century the bell had rung, the curtain had come down, and the Western 
world was set upon the fateful road to all the techniques of managing explosions. 
Hence all later small-arms and artillery, but not only that, all heat-engines too, 
and all space travel. 


* Cf. Rouleau (1); Foster (1); Rudolph (121. 

> Petech (5), p. 556. 

" Ibid. pp. 554-5. See also Voi. 4, ре. 2, pp. 507 tf. 

“ Cf. Vol. 1, pp. 188-9. 

“ See v. d. Wyngaert (15; Cordier (13, vol. 2. p. git 
Moule (1), pp. 257—8; Fuchs (7). 

* Petech (5), p. 558. 





APPENDIX A THE OLDEST 
REPRESENTATION OF A HAND-GUN? 


An outstanding discovery was made by Robin Yates in June 1985 when visiting 
the Buddhist cave-temples at Ta-tsu! in Szechuan.? In the Pei-Shan? (Lung- 
Kang’) complex (one of seven) he found (cave no. 146) a relief of а hang-gun 
held by a small demon with two horns (Fig. 235).? The hand-gun is being let off, 
as appears from the blast issuing to the right from its muzzle, and a projectile is 
also represented in the flames. 

As will be seen from the illustration, the figure is at the bottom on the right of 
a group of seventeen, with a many-armed bodhisattva or Buddha at the top and 
the back.* T'welve of the figures seem to be robed saints, but five have skull- or 
demon-faces and carry weapons, among which one can make out a spear, a 
mace, a hammer and a sword, as well as the hand-gun. Perhaps they are demons 
converted to sainthood. Probably all are attendants of either Kuan Yin or the 
Buddha of Medicine, whose seated image is the central figure of the shrine. 

The object of interest to us here seems at first sight to be some sort of musical 
instrument, with the right hand of the figure plucking the strings, but a second 
look makes out the flames coming from the muzzle, and even the spherical ball 
or bullet among them. Of course, the sculpture cannot have been done by any- 
one who knew anything about hand-guns, because the explosion-chamber 
would have been much too hot to hold, and usually there was a socket cast on 
behind it,‘ into which a wooden ‘tiller’ was fitted, for grasping.* All the same, we 
may well have here the oldest representation in the world of a hand-gun, using 
the propellant power of high-nitrate gunpowder, similar to the larger bombards 
and primitive cannon which followed so quickly afterwards (cf. Table 1 on 
p. 290 above). The bulbous shape of the thickened metal wall around the 
explosion-chamber is too characteristic of these early gunpowder-weapons to be 
mistaken." 

The dating of the carving is somewhat obscure, but from pp. 293-4 above we 
know that the oldest hand-gun excavated so far is datable at ca. +1288, so that 
one would expect the date of the sculptured group to be any time between 


* [t parallels the discovery made at the Musée Guimet in Paris by Clayton Bredt, who found a clear 
representation of a fire-lance on a Buddhist temple banner of about +950 from Tunhuang (see pp. 222—3). 

^ It may be significant that the wielder of the fire-lance on the banner (Fig. 45 above) also has horns. 

* On many-armed images cf. Vol. 4, pt. 1, p. 123 and Fig. 296. 

* But Walter de Milamete's guns have none. 

* The same is true of the fire-lance on the banner, because the demon is using one hand to hold the hot tube 
itself. 

* On the other hand, historians of Buddhist art, such as Li Ssu-Shéng and Wang Кипо-1, prefer to interpret 
the figure as the Szechuanese god of the winds, with his bag. If the date of +1128 is substantiated, they might 
well be right. But could that representation perhaps have influenced the designers of the earliest hand-guns 
and bombards? 
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Fig. 235. A group of figures at the Ta-tsu cave-temples (Pei-Shan Section) which contains what may be the 

oldest depiction of a hand-gun in any civilisation. The typical bulbous thickening of the metal wall around the 

explosion-chamber is seen, together with a stream of flame and gases issuing from the muzzle to the right, and 
a bore-occluding projectile. Date uncertain, but perhaps +1250 to +1280. Photo. Robin Yates. 


+1250 and +1280. It is generally agreed that the figures are of the Sung period, 
though Yang Chia-Lo (3) and other experts such as Anon. (263) tend to place 
them between +1130 and +1170, while yet others, such as Angela Howard, put 
them even earlier, in the Northern Sung, from the late + roth to the early +11th 
centuries. Such dates would be too early for a hand-gun, though not for a fire- 
lance; nevertheless the relief has the form so typical of the earliest hand-guns 
and bombards, bulbous or pear-shaped (cf. Figs. 82—4, 90, 92, 94—5, 97, 100, 
107—110, 116), while an approximately bore-fitting projectile is visible in the 
flames of the blast. A neighbouring inscription records the name of Wang Tzu- 
I', whose floruit, as we know from another inscription, was +1186. But even this 
date would be rather too early to expect a relief of a hand-gun. Possibly the 
content of the sculpture may help to date the ensemble. 

At all events, we may well have here the earliest representation of a hand-gun 
in any civilisation, and the relief is therefore worthy of close attention. 
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APPENDIX B THE DEVELOPMENT OF THE 
MIDFA‘ 


On p. 43 above we discuss this Arabic word, which seems to have the general 
sense of a tube or cylinder. The illuminating work of Donald Hill (2), which 
translates and analyses the ‘Book of Ingenious Mechanical Devices’ (Kitab ft 
Ma'rifat al-Hiyal al-Handasiya), written by Ibn al-Razzaz al-Jazari in +1206, 
needs to be taken into special account here. Al-Jazari, speaking of his slot-rod 
water-raising pump, says that ‘this machine resembles the ejectors (or projec- 
tors, i.e. pumps) of naphtha (zaragat al-naft), except that it is larger’, (Hall (2), 
p. 188). To understand this, one must remember the Chinese petrol flame- 
thrower described and illustrated on pp. 82 ff. and Fig. 7 above (and also Vol. 4, 
pt. 2, pp. 144 and Figs. 433, 434) together with our account of the slot-rod 
water-raising pump (Vol. 4, pt. 2, p. 381 and Fig. 609). A critique of the recon- 
struction of this by Aubrey Burstall (depicted in our Fig. 610) is given by Hall 
(2), p. 273. 

Again, when in his ‘Key of the Sciences’ (Mafatih. al-"Ulüm) Abū ‘Abdallah 
al-Khwarizmi al-Katib (+976) speaks of 042 al-midfa‘ and bab al-mustaq. both 
parts of the naphtha-projectors (al-naffatal wa’l-zardqat), the word bab (gate) 
means technically a valve, rather than just a mouth or opening (Hall (2), 
р. 274). From this we can conclude that the word midfa‘ originally meant the tube 
or cylinder of the naphtha-projector; then after the invention of gunpowder in 
China and its passage to the Arabs it meant the tube of the fire-lance; finally it 
was applied to the cylinder of the hand-gun and cannon.* It still retains this 
meaning in Arabic today. The fact that already in +1206 al-Jazari recognised 
the affinity between the cylinder of his water-raising engine and the tube of the 
fiame-thrower casts. an interesting light on the connection. between guns and 
engine-cylinders which we explore on pp. 544 ff. above. 


* As we originally suspected when we first discussed the term. 
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ABBREVIATIONS 


See also p. xxiv 


Archeion 

Artibus Asiae 

Archaeologia 

Annals of the Assoc. of American 
Geographers 

American Anthropologist 

Arts Asiatiques (continuation of Re- 
vue des Arts Asiatiques) 

Archaeologia Cantiana 

Archives of the Chinese Art Soc. of 
America 

Annales de Chimie et Physique 

Annual of the China Society of Singa- 
pore 

Acta Asiatica (Bull. of Eastern Cul- 
ture, TohO Gakkai, Tokyo) 

Advancement of Science (British 
Assoc. London) 

Archiv. f. d. Eisenhiittenwesen 

Acta Eruditorum (Leipzig, 1682 to 


1731) 

Archiv. f. d. Gesch. d. Naturwiss. u. d. 
Technik (cont. as AGMNT) 

Abhdl. d. Gesell. d. Wiss. z. Góttingen 
(Phil.-Hist. KL) 

Annales; Economies, sociétés, civilisa- 
tions 

Acta Historica Scientiarum Naturalium 
et Medicinalium 

Annali dell'Istituto e Museo di Storia 
della Scienza (Florence) 

Amer. Journ. Physiol. 

American Journ. Philolog y 

American Journ. Science and Arts 
(Silliman's) 

Asia Major 

All-Nippon Airways In-Flight Maga- 
zine 

The Antiquary 

Antiquaries Journal 

Abhandlungen d. preuss. Akad. Wiss. 
Berlin (Phil.-Hist. Klasse) 

Historical Journal, National Peiping 
Academy 

Arabica 

Atti (Annale) delli reale Istituto Lom- 
bardo 

Archaeological Journal 

Annual Reports of the Librarian of 
Congress (Division of Orientalia) 

Armi Antiche (Bull. dell'Accad. di 
San Marciano), Turin 

Archiv Orientalní (Prague) 

Annual Reports of the Smithsonian In- 
stitution 


ARUSNM 


AQ 
AQR 
AS/BIHP 


ASKR 


ASTRA 
AX 


B 

BAU 
BGP 
BE/AMG 


BEC 
BEDM 


BEFEO 
BEO/IFD 


BGTI 


BGTI/TG 
BLM 
BLSOAS 


BMFEA 


BMQ 
BSRCA 


BY 
BYZ 
BZJ 


CA 
CAMR 
CCL 


CHEM 
CHI 
CHJ 


CHYM 
CHZ 
CIB 


Annual Reports of the U.S. National 
Museum 

Antiquity 

Asiatic Quarterly Review 

Bulletin of the Institute of History and 
Philology, Academia Sinica 

Asiatick Researches (Calcutta, 1788 
to 1839) 

Astronautica Acta 

Ambix 


Byzantion 

Belleten Ankara Univ. 

Bulletin Catholique de Pékin 

Bibliographie d’Etudes (Annales du 
Musée Guimet) 

Bulletin de l'Ecole des Chartes (Paris) 

Boletim Ecclesidstico da Diocese de 
Macao 2 

Bulletin de VEcole Française de PEx- 
tréme Orient (Hanoi) 

Bull. Etudes Orientales (Institut Fran- 
«ais de Damas) 

Beitráge z. Gesch. d. Technik u. Indus- 
trie (cont. as Technik Geschichte; 
see BGTI/TG) 

Technik Geschichte (see above) 

Blackwood’s Magazine 

Bulletin of the London School of Orient- 
al and African Studies 

Bulletin af the Museum of Far Eastern 
Antiquities (Stockholm) 

British Museum Quarterly 

Bull. Soc. Research in Chinese Archi- 
tecture 

Bharatiya Vidya (Bombay) 

see B 

Bonner Zeitschrift f. Japanologie 


Chemical Abstracts 

Cambridge Review 

Ché Chiang Lu (Biographies of 
Chinese Engineers, Architects, 
Technologists and Master- 
Craftsmen, by Chu Chhi- 
Chhien and collaborators, q.v. 
{a series, not a journal].) 

Chemistry (Easton, Pa.) 

Cambridge History of India 

Chhing-Hua Hsüeh Pao (Chhing-Hua 
(Ts'ing-Hua) University Journal of 
Chinese Studies) 

Chymia 

Chemiker Zeitung 

China Institute Bulletin (New York) 


С] 
CKHW 


CKKCSL 
CMS 
CR 


CRAS 
CREC 
DCRI 
DHT 
DI 


EAST 
EG 
EHR 
EMJ 
ESA 
ESCI 
ETH 


FCLT 
FEQ 


FSH 


GLAD 


GR 
GTIG 


GUNC 
GUND 


HBAS 
HEM 
HHSTP 


HJAS 
HKH 


HMM 


HORIZ 
HOSC 
HOT 


IAE 
lAQ 

IDSR 
1HQ 

ILN 

ISIS 

ISL 
ISP/WSFK 


ABBREVIATIONS 


China Journal of Science and Arts 

Chung-Kuo Hsin Wén (= NCNA 
Bulletin) 

Chung-Kuo Kho Chi Shih Liao 

Chartered Mechanical Engineer 

China Review (HongKong and 
Shanghai) 

Comptes Rendus de l'Académie des 
Sciences (Paris) 

China Reconstructs 


Bulletin of the Deccan College Research 
Institute (Poona) 

Documents pour Uhistoire des Tech- 
niques (Paris) 

Die {slam 


The East 

Economic Geology 

Economic History Review 
Engineering and Mining Journal 
Eurasia Septentrionalis Antiqua 
Engineering and Science 

Ethnos 


Fu-Chien Lan Than (Fukien Forum) 

Far Eastern Quarterly (continued as 
Journal of Asian Studies) 

Fuji Chikurni Shokobutsu-en Hokoku 
(Bull. Fuji Bamboo Bot. Gdn.) 


Gladius (Études sur les Armes An- 
ciennes, etc.) 

Geographical Review 

Geschichisblàtter f. Technik, Industrie 
u. Gewerbe 

The Gun Collector (U.S.A.) 

The Gun Digest 


Hauszeitschrift d. Badischen Anilin @ 
Soda Fabrik AG 

Hemisphere 

Hua Hsüeh Thung Pao (Chemical 
Intelligencer) 

Harvard Journal of Asiatic Studies 

Hanguk Kwahaksa Hakhoechi ( Journ. 
Korean Hist. of Sci. Soc.) 

Harper's Monthly Magazine (New 
York) 

Horizon (New York) 

History of Science (annual) 

History of Technology (annual) 


Internationales Archiv f. Ethnographie 

Indian Antiquary 

Interdisciplinary Science Reviews 

Indian Historical Quarterly 

Illustrated London News 

Isis 

Islam 

I Shih Pao (Wén Shih Fu Khan); 
Literary Supplement of “Веп- 
efitting the Аре” Periodical. 


JA 
JAAS 
JAAR 
JAEROS 
JAHIST 
JANS 
Jaos 


JATMOS 


JOS/HK 


JOSA 
JPOS 


JRA 
JRAES 
JRAI 


JRAS 
"JRAS/B 


JRAS/HKB 
JRAS/KB 
JRAS/M 
JRAS/NCB 


JRI 
JRUSI 


JS 
7sct 
SHS 
JWCBRS 


JWH 
WM 


KGZ 


KHCK 
KHNT 


KKPT 


KKJL 
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Journal asiatique 

Journal of the Arms and Armour Soc. 

Journ. Amer. Acad. Religion 

Joum. Aeronautical Sciences 

Journ. Asian History (International) 

Journ. Astronautical Sciences 

Journal of the American Oriental 
Soctety 

Journ. Atmospheric Science 

Journal of Chemical Education 

Joum. Chem. Research (Microfiches) 

Journ. Chem. Research (Synopses) 

Journ. Ethnopharmacolog y 

Jahrbuch d. Gesellschaft. f. lóthringen 
Geschichte u. Altertumskunde 

Journ. Hist, Arabic Science 

Journ. Hist. Pharmacol. 

Journ. Materials Science 

Journal of Physiology 

Journal of Oriental Studies Hong- 
kong) 

Journ. Oriental Soc. Australia 

Journal of the Peking Oriental Society 

Journal of the Royal Artillery 

Journal of the Royal Aeronautical Soci- 
ty (fotmerly Aeronautical Journal) 

Journal of the Royal Anthropological 
Institute 

Journal of the Royal Asiatic Society 

Journal of the (Rayal) Asiatic Society of 
Bengal 

Journal of the Hong Kong Branch of the 
Royal Asiatic Society 

Journal (or Transactions) of the Korea 
Branch of the Royal Asiatic Society 

Journal of the Malayan Branch of the 
Royal Asiatic Society 

Journal of the North China Branch of 
the Royal Asiatic Society 

Journ. Royal Institution (London) 

Journ. Royal United Services Institution 
(London) 

Journal des Savants 

Journ. Soc. Chem. Industry 

Japanese Studies in the History of Sci- 
ence (Tokyo) 

Journal of the West China Border Re- 
search Society 

Journal of World History (UNESCO) 

Journ. Weather Modification 


Kahei Gakkai Zasshi (Journ. Soc. 
Technol. Arms and Ammuni- 
tion Manufacture) 

Kuo Hsüeh Chi Khan (Chinese Clas- 
sical Quarterly) 

Kwartalnik Historii Nauki i Techniki 
(Warsaw) 

Kertas-Kertas Pengajian Tionghua 
(Papers on Chinese Studies, 
University of Malaya) 

Khao-Ku Jen Lei Hsüeh Chi-Khan 
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KKTH 


KKWW 


MA 
MAF 
MANNEM 


MART 
MAS/MPDS 


MBLB 
MCHSAMUC 


MC/TC 
MDGNVO 


MEM 
MGK 
MIE 


MIMG 
MINGS 
MJ/UP 
MMI 
MMO 
MPCASP 


MRAS/P 


MS 
MSOS 


MUJ 


№ 
NCR 
NFR 
NGM 


ABBREVIATIONS 


(Bull. Dept. of Archaeol. and 
Anthropol. Univ. Thaiwan) 

Khao Ku Thung Hsün (Archaeolog- 
ical Correspondent) 

Khoo-Ku yü Wen-Wu Chi Khan 
(Journ. Cultural Archaeology) 

Korea Journal 

Kuang Ming Jih Pao 

Keleti Szemle (Budapest) 

Kung Yeh Huo Yao Hsieh Hui Chih 
(Journ. of the Japanese Gun- 
powder Industry Association) 


Li Hsüeh Hsüeh Pao (Journal of 
Physics) 

Listener (В.В.С.) 

Life (New York) 

La Nature 

Li Shih Yen Chiu (Pkg.) J. Historical 
Research 


Man 

Mémoriai de i’Artillerie de France 

Mémorial de l'Académie des Inscrip- 
tions st. Belles-Letires, Paris 
(Notices et Extraits des MSS.) 

Memorial de Artilleria (Madrid) 

Mémoires de Mathématique et de Physi- 
que: presentés à l'Académie Royale des 
Sciences (Paris) par Divers Scavans 
а lus dans les Assemblées 

May & Baker Laboratory Bulletin 

Mémoires concernant l'Histoire, les 
Sciences, les Arts, les Moeurs et ies 
Usages, des Chinois, par les Mis- 
sionaires de Pékin (Paris 1775-) 

Techniques et Civilisation: (originally 
Métaux et Civilisations) 

Mitteilungen d. deutsch. Gesellschaft f. 
Natur, u: Volkskunde Ostasiens 

Meteorological Magazine 

Майа Саші (Баеп) 

Mémoires йе (Institut 
(Cairo) 

Mining Magazine 

Ming Studies 

see MET С 

Mariner y Mirror 

Mammé (Dairen) 

Mélanges de: Phys. et Chim. de VAcad. 
de St Petersbourg 

Mémoites de l'Académie des Sciences 

_ (Paris) 

Afonumenta Serica 

Mitteilungen. Seminar f. 
isthen Sprachen (Berlin) 

Museum Joumal (Philadelphia) 


d'Egypte 


orientai- 


Nature 2 

New China Resitw 

Nat: Fireworks Review 
National Geagraplie Magazine 


NJKA 


NKKZ 
NR 

NS 
NTM 


NYR 
NYTHP 


OAZ 
OLZ 
ОРО 
OR 

ORA 
ORD 
ORE 
ORG 
OV 


РАА 
PAAAS 
PAE 
PAR 
РЕЕН 
PKCS 
PKR 
PP 
PRAI 


PES 
PTRS 


PYS 
QJRMS 


QJSLA 


QSGNM 


RBS 
RC 


RDI 
арм 


REA 
REG 
RHSID 


ROC 
ROL 
ROS 


Neue Jahrbücher f. d. klass. Altertum. 
Geschichte, deutsch. Literatur и. f. 
Pádagogik 

Nihon Kagaku Koten Zensho 

Numismatic Review 

New Scientist 

Schriftenreihe f. Gesch. d. Naturwiss. 
Technik, u. Med. (East Germ.) 

New Yorker 

Nan-Yang Ta-Hsüeh Hsieh Рао (Nan- 
yang Univ. Journal, Singapore) 


Ostasiatische Zeitung 
Orientalische Literatur- Zeitung 
Oriente Poliano 

Oriens 

Oriental Art 

Ordnance 

Oriens Extremus 

Organon (Warsaw) 
Orientalia Venetiana 


Progress іл Astronautics and Aero- 
nautics 

Proceedings of the British Academy 

Propellants and Explosives 

Parabola (Myth and the Quest for 
Meaning) 

Papers on Far Easiern History (Can- 
berra) 

Pai Kho Chih Shih (Peking) 

Peking Review 

Past and Present 

Proc. Royali — Artillers 
(contd. as JRA) 

Proceedings of the Roya! Society 

Philosophical Transactions of the Royal 
Society 

Preuves (Paris) 


institution 


Quarterly Journal of the Royal Meteoro- 
logical Society 

Quart. Journ, Science, Literature and 
the Arts (cont. as JRI, Journ. Roy. 
Insti} 

Quellen п. Studien z. Gesch. d. Natur- 
wiss. и. d. Medizin 


Revue Bibliographique de Sinologie 

Revista. de Universidade de Coimbra 
(Portugal) . 

Rivista d'Ingagneria 

Revue des Mines (tater Revue Uni 
verselle.des Mines) 

Revue des Études Anciennes 

Revue des Étüdes Grecques 

Revue; d'Histoire de la Sidérurgte 
(Nancy) 

Revue de UOrient Cheftien 

Revue de ÜOrient Latin 

Кае: des Question: 
(Brussels) 


Scientifiques 





RRH 
RROWC 


RTPT 

SA 

SAM 

SARCH 
SBAW/PP Ẹ H 


SCIS 
SGSML 
SE 
SHHH 
SHKS 
SHS 
SINRA 
SINT 
SKSL 
SMC 
SMITH 
SOF 

SP 
SPAW/PH 
SPCK 


SPFL 
SPMSE 


SRFAOU 


SUJCAH 


SWAW/PH 


TAIME 
TAIMME 


TRG 


ABBREVIATIONS 


evue Roumaine d'Histotre (Bucarest? 

Research — Reporis of the Okasaki 
Women’s junior — Coilege, near 
Nagoya 

Revista Transporturilor (Rumania) 


Sinica (originally Chinesische Blatter 
J. Wissenschaft u. Kunst) 

Scientific American 

Sovietskaya Archaeologia 

Sitzungsberichte. d. Bayerischen. Akad. 
d. Wiss./Philos.-Philol. и. Hist. Kl. 

Sciences (Paris) 

Smith College Studies in 
Languages 

Stahl und Eisen 

Shih Hsüeh Hsiao Hsi 

Shé Hui | Kho-Hsüeh 
Journ. Soc. Sci.) 

Studia Historica Slovaca 

Sinorama (= Kuang Hua) 


Modern 


(Chhinghua 


Sbornik {юта Nauki Techniki 
(Moscow) 

Skrifter som udi det Kjøbenhavnske 
Selskab af Laerdams. . . 


Smithsonian { Institution) Miscellaneous 
Collections (Quarterly Issue} 

The Smithsonian (Magazine) 

Studia Orientalia (Fennica) 

Speculum 

Sitzungsber. d. prews. Akad. d. Wis- 
senschaflen (Phil.~Hist. Ki.) 

Society for the Promotion of Christian 
Knowledge 

Spaceflight 

Sitzungsberichte d. physik, med. Soc. 
Erlangen 

Science Reports of the Faculty of Agri- 
culture of Okayama University 

Suchow University Journ. Chinese Art 
History 

Studi Veneziani 

Studi Colombiani 

Sitzungsberichte d. & Akad. d. 
Wissenschaften Wien (Phil.-Hist. 
Klasse}, Vienna 


Trans. Ames. Tust. Mining Engineers 
(cont. as TAIMME) 

Trans. Amer. Init. Mining and Melai- 
turgical Engineers 

Tijdschrift van het Bataansche Genoots- 
chap van Kunsten en Wetenschappen 
(later. incorporated in Tijd- 
schrift voor Indische Taal-Land-, en 
Volkskunde) | 

Tike Bussuri Gakke Zasshi (Journ. 





"Tokyo College of Physics} 
Tra Chin Chhéne. (Forbidden ¢ 
Hongkong 


Technology and Culture 


TFIME 
TFTC 
TG/K 
TGUOS 
TH 


THSH 
TIME 


TJKHSYC 


ТЈРСЕ 


TR 
TSHU 


UC/PAAA 
UM 
USNIP 
UZWKL 


VEGA 


Ww 
WWTK 
WWTLTK 


YCHP 


Y/BM 


ZAC 
ZDMG 


ZFE 


ZGSS 


АНИК 
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Trans. Federated institution af Mining 
Engineers (cont. as TIME) 

Tung Fang Tsa Chih (Eastern Miscei- 
lany) 

Тода Gakuhé, Kyoto (Kyoio Journal of 
Oriental Studies} 

Transactions of the Glasgow University 
Oriental Society 

Thien Hsia Monthly (Shanghai) 

Ta Hsieh Shing Huo 

Transactions of the Institution of. Min- 
ing Engineers 

T'zu-Jan Khao-Hsüeh Shih Yen-Chiu 

Tzu-Jan Pien Chéng Fa Thung Hsiin 
(Dialectics of Nature) 

Toyashi Kenkya (Researches in 
Oriental History) 

Transactions af the Newcomen Sociely 

T’oung Pao (Archives concernant UHis- 
foire, les Langues, la Géographie, 
VEthnographie et les Arts de ÜAsie 
Orientale, Leiden) 

Technology Review 

Tu Shu 


Univ, of Calif.) Publications in Amer. 
Arch. and Anth. 

Universal Magazine of Knowledge and 
Pleasure 

United States Naval Institute Proceed- 
ings 

Universitas; Zeitschr. ў Wissenschaft, 
Kunst und Literatur 

Verhandlungen d. Berliner Gesellschajt 
JF. Anth., Eth. und Vorgeschichte (see 
ZFE) 

Voprosy Historii (Moscow) 

Viator ` 

Vijnan Karmee 

Variétés Sinologiques 


Weather 

Wén Wu 

Wên Wu Tshan Khao Tzu Liao (Re- 
ference Materials. for History 
and Archaeology) 

Win Wu Tzu Liao Tshung Khan 


Yenching Hsieh Pao  (Ycnchiug 
University Journal! of Chinese 
Studies) 

Yale Journal of Biology and Medicine 


Zeitschr, f. angewandte chemie 

Zeitschrift, d. deutsch. Morgeniandi- 
schen Gesellschaft 

Zeiischr. f. Ethnel. (see VBGA) 

Zur. f. d. gesamte Schiess- und 
Sprengsitoffuiesens Nitrocellidose 

Zeitschrift. f: historische Wappenkunde 
(cont. as Zeilschr. f. hist. Wappen- 
und Kosiumkunde) 


A. CHINESE AND JAPANESE BOOKS BEFORE +1800 


Each entry gives particulars in the following order: 

(a) title, alphabetically arranged, with characters; 

(b) alternative title, if any; 

(с) translation of title; 

(d) cross-reference to closely related book, if any; 

(e) dynasty; 

(/) date as accurate as possible; 

(g) name of author or editor, with characters; 

(h) title of other book, if the text of the work now exists only 
incorporated therein; or, in special cases, references to sino- 
logical studies of it; 

(i) references to translations, if any, given by the name of 
the translator in Bibliography C; 

(j) notice of any index or concordance to the book ifsuch a 
work exists; 

(k) reference to the number of the book in the Tao Tsang 
catalgoue of Wieger (6), if applicable; 

(0 reference to the number of the book in the San Tsang 
(Tripitaka) catalogues of Nanjio (1) and Takakusu & Wata- 
nabe, if applicable. 


Words which assist in the translation of titles are added in 
round brackets. 


Alternative titles or explanatory additions to the titles are 
added in square brackets. 


It will be remembered (p. 395 above) that in Chinese indexes 
words beginning Chh- are all listed together after Ch-, and Hs- 
after H-, but that this applies to initial words of titles only. 


Chang Tzu-Yeh Tzhu Pul 38 F EF 8 T8. 
Remaining Additional Poetical Works of Chang 
Tzu-Yeh. 
Sung, c. +1080. 
Cheng Tzu-Yeh Е Ғ 8. 
Chao Chung Lu =. 
Book of Examples of Illustrious Loyalty. 
Yuan, c. +1290. 
Writer unknown. 
Cf. Balazs & Hervouet (1), p. 124. 
Chao-Hua Hsien Chih BB (V, RE ЛЕ. 
Gazetteer of Chao-hua (in Szechuan). 
Chhing. 
Chang Shao-Ling (ed.) 
Revised 1845, 1864. 
Chao Hun $8 38. 
The Calling Back of the Soul [perhaps a ritual 
ode]. 
Chou, c. —240. 
Attrib. Sung Yi ЖОЕ. 
Prob. by Ching Chhai (or Tsho) 
Tr. Hawkes (1). 
Chen Chi KE. 
Record of Army Drill and Tactics 
Ming, c. +1546. 
HoLiang-Chhen J E Б. 
Chen-La Fing Thu Chi (E W M E ic. 
Description of Cambodia. 
Yuan, +1297. 
Chou Ta-Kuan JE i 8. 
Chen Yuan Miao Tao Yao Lüeh (Е 5c feb ЈЕ BM. 
Classified Essentials of the Mysterious Tao of 
the True Origin (of Things) [alchemy and 
chemistry]. 
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Е. 


Ж E. 


Where there аге any differences between the entries in these 
bibliographies and those in Vols. 1—4, the information here 
given is to be taken as more correct. 

An interim list of references to the editions used in the present 
work, and to the éshung-shu collections in which books are 
available, has been given in Vol. 4, pt. 3, pp. 913 Ё., and is 
available as a separate brochure. 


ABBREVIATIONS 


C/Han Former Han. 

E/Wei Eastern Wei. 

H/Han Later Han. 

HjShu Later Shu (Wu Tai). 
H/Thang Later Thang (Wu Tai). 
H/Chin Later Chin (Wu Tai). 
S/Han Southern Han (Wu Tai). 
S/Phing ^ Southern Phing (Wu Tai). 


J/Chin jum Chin. 
L/Sung iu Sung. 


N/Chou Northern Chou. 

N/Chhi Northern Chhi. 

N/Sung ^ Northern Sung (before the removal of the capital 
to Hangchow). 

N/Wei Northern Wei. 

S/Chhi Southern Chhi. 

S/Sung Southern Sung (after the removal of the capital to 
Hangchow). 

W/Wei Western Wei. + 


Ascr. Chin, +3rd, but probably mostly Thang, 
+8th and +oth, at any rate after + 7th as it 
quotes Li Chi. 

Attrib. Chéng Ssu-Yuan Я 8 58. 

TT/917. 

Chi Hsiao Hsin Shu && 2x Sip Ж. 

A New Treatise on Military and Navai 
Efficiency. 

Ming, +1560, pr. +1562, often repr. 

ChhiChi-Kuang R f €. 

Chi Jan 

See Chi Ni Tzu. 

Chia-Thai Kuei-Chi Chih EE @ BE. 

Records of Kuei-Chi (Shao-hsing in Chekiang) 
during the Chia-Thai reign-period (+1201 to 
+1205). 

Sung, not long after + 1205. 

Shih Hsiu Ж 18. 

Chiang-Nan Ching Lüeh {L V R M. 

Military Strategies in Chiang-nan. 

Ming, + 1566. 

Chéng Jo-Tséng REE. 

Chien-Yen Té-An Shou Yü Lu BREE TRE. 

An Account of the Defence and Resistance of Tê- 
an (City) in the Chien-Yen reign-period 
{+1127 to +1132], (by the Sung against the 
J/Chin). 

Sung, t 1172. 

LiuHsün Z8). 

This book, now lost as such, was probably 
absorbed in that of the same name by Thang 
Tao (q.v.). 

Cf. Balazs & Hervouet (1), p. 237. 

Chien-Yen Té-An Shou Үй Lu 18 K #8 ЧЕ F BR. 
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Chien-Yen Té-An Shou Yii Lu (cont.) 


An Account of the Defence and Resistance of Té- 


an (City) in the Chien-Yen reign-period 
[+1127 to +1132], (by the Sung against the 
J/Chin). 
Sung, +1193. 
Original name of the book by Thang Tao which 
was combined with the Sheu Chhéng Lu as 
chs. 3 and 4 in +1225 (q.v.). 
Cf. Balazs & Hervouet (1), p. 237. 
Chih Shéng Lu i ES SR. 
Records of the Rules for Victory. 
Ming, c. +1430. 
Writer unknown. 
Now extant only in quotations. 
Chin Phing Мі PR M. 
Golden Lotus [novel]. 
(Cf. Hsü Chin Phing Mei) Ming. 
Writer unknown. 
Tr. Egerton (1), Kuhn (2) (Miall). See 
Hightower (1), p. 95. 
Chin Shih & E. 
History of the Chin (Jurchen) Dynasty [+1115 
to +1234]. 
Yuan, c. +1345. 
Tho-Tho (Toktaga) #9 & Ouyang 
Hsüan 8 2. 
Yin-Té Index, no. 35. 
Chin Shih Pu Wu Chiu Shu Chieh QAWWA 


Explanation of the Inventory of Metals and 
Minerals according to the Numbers Five 
(Earth) and Nine (Metal) [catalogue of sub- 
stances with provenances, including some 
from foreign countries]. 

Thang, perhaps c. +670 (contains a story relat- 
ing to +664). 

Writer unknown. 

TT/ 900. 

Chin Thang Chieh Chu Shih-erh Chhou & B (8 E 
+= #8. 

Twelve Suggestions for Impregnable Defence. 

Ming, c. +1630. 

Li Phan =. 

The first two words of the title recall the phrase 
chin chhéng thang chhi, adamantine walls and 
scalding moats, hence impregnable. 

Ching Chhu Sui Shih Chi ЎР) SE I Bc. 

Annual Foik Customs of the States of Ching and 
Chhu [i.e. of the districts corresponding to 
those ancient States; Hupei, Hunan and 
Chiangsi]. 

Prob. Liang, c. +550, but perhaps partly Sui, 

с. +610. 

Tsung Lin 5m 1A. 

See des Rotours (1), p. cii. 

Ching-Khang Chhuan Hsin Lu YA BR 1% (8 $k. 

Record of Events in the Ching-Khang reign- 
period {+ 1126, year of the fall of Khaiféng to 
the Chin Tartars]. 

Sung, ¢. +1130. 

Li Kang 2 #8. 
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Chiu Kuo Chih л. BÀ i. 

Historical Memoir on the Nine States (Wu, 
Nan Thang, Wu-Yüeh Chhien Shu, Hou Shu, 
Tung Han, Nan Han, Min, Chhu and Pei 
Chhu, in the Wu Tai Period). 

Sung, c. +1064. 

Lu Chen 88 if. 

Chiu Ming Shu $ db Ё. 

See Hsiang Ping Chiu Ming Shu and Shou Chhêng 
Chiu Ming Shu. 

Chu Chia Shen Phin Tan Fa 8É 2X ih mA E. 

Methods of the Various Schools for Magical 
Elixir Preparations (an alchemical 
anthology). 

Sung. 

Méng Yao-Fu Æ # Hj (Hsüan Chen 
Tzu) Zi Jf and others. 

TT/911 

Chu Shih BE. 

Conversations on Historical Subjects (lit. while 
yak’s-tail fly-whisks are waving). 

Sung, pref. +1115. 

Wang Té-Chhen Е {8 Е. 

Chuang Lou Chi $i {8 0. 

Records of the Ornamental Pavilion. 

Wu Tai or Sung, c. +960. 

Chang Pi 58 #0. 

Chung Hsi Pien Yung Ping cp y RAR. 

Military Practice on the Central and Western 
(Fronts) 

Sung, c. +1150. 

Fang Pao-Yuan 7 5С. 

Now extant only in quotations. 

Chung Thang Shih Chi cp d£ ҖЕ id. 

Personal Recollections of Affairs at the Court [of 
Khubilai Khan, +1260 and +1261]. 

Yuan, c. +1280. 

Wang Yin £f. 

СЕ H. Franke (20, 26) 

Chhao Yeh Chhien Yen 885 8f AE. 

Narratives of the Court and the Country. 

Sung, +1126. 

HsiaShao-Tséng X4 /b 8. 

Now extant only in quotations. 

Chhé Chhung Thu BSR. 

Illustrated Account of Muskets, Field Artillery 
and Mobile Shields, etc. (Appendix to Wo 
Chhing Thun Thien САА Chhung Гапа Pei Pien 
Thun Thien Chhé Chhung 1, q.v.) 

Ming, c. +1585. 

ChaoShih-Chén + E. 


(In 7 Hai Chu Chhen, i chi, pt. т ЫБЫШ, 
zs). 
Chhéng Chai Chi 3K 8 


Collected Writings of (Yang) Chhéng-Chai 
(Yang Wan-Li). 
Sung, с. + 1200. 
Yang Wan-Li 8 86 8. 
Chhi Hsiu Lei Kao Az 4& FARK. 
Seven Compilations of Classified Manuscripts. 
Ming, +1555 to +1567. 
Lang Ying ВЕ А8. 
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Chhi Hsiu Lei Kao (сот) 
CE W. Franke (4), p. 106. 

Chhi-tan Kuo Chih — S8 P3 BE 
Memoir of the Liao (Chhi-tan Tartar 














Kingdom). 
Sung & Yuan, mid, + 13th century. 
Yeh Lung-Li BBB. 


Chhi Tung Yeh Yü X 38 EF 58. 
Rustic Talks in Eastern Chhi. 
Sung, с. +1290. 
Chou Mi Ж. 
Chhien Hung Chia Kéng Chih Pao Chi Chhéng | $8 R 
FR Bs й. 
Complete Compendium on the Perfected Trea- 
sure of Lead, Mercury, Wood and Metal 
{with illustrations of alchemical apparatus]. 
On the translation of this title, cf. p. 116. Has 
been considered Thang +808; but perhaps 
more probably Wu Tai or Sung, C£. p. 1 16. 
ChaoNai-An ЖН Ж. 
TT/912. 
Chhien-Thang | Shih BBB. 
Memorabilia of Hángchow and the Chhien- 
thang River. 
Yuan. 
LiubChhing @i -— 18. 
Chhing Hsiang Tsa Chi 38 38 E ic- 
Miscellaneous Record on Green Bamboo 
"Tablets. 
Sung, с. +1070. 
WuChhu-Hou & J£ S. 
Chhing Shih Kao Ф FA- 
Draft History of thé Chhing Dynasty. 
See Chao Erh-Hsün & Kho Shao-Min. 
Chhing- Tai Chhou-Pan I-Wa Shik-Mo 18 (S 88 AE 
A Ж. 


See Anon. (272). 


Chhiu Chien Hsien-séng Ta Chhüan Wêr Chi KARL E 
&ckEcG 
Complete Literary Works of Mr Autumn- 
Torrents [Wang Yün}. 


Yuan, c: -F 1304. 
Wang Yin =f. 
Of, H: Franke (20, 26). 
Chiu Shéng Kha Hai 2k ЕЛЕ 88. 
Saving Souls from Hell. 
Chhing, -Fr8th. 
Writer unknown, 
Санои Hai Thu Pie: ЖЕШ: 
Ilustrated Seaboard Strategy and Tactics. 


Ming, t 1562: Керк. +1572, +1592, +1624, etc. 


Chéng Jo-Tséng MEE- 
Ct W. Franke (4), p. 223; Goodrich & Fang 
Ghao-Ying (т), p. 204. 
Chiu Тш E s 


Elegies of Ghhu (State) [or, Songs of the South]. 


Chou; с, ~300 (with Han additions): 

Chhü Yuan BR (& Chial Ж АК Yen 

Chi #2 Sung Yi ЖЕ Husinau 
Hsiao-Shan 3E W Ucet at). 

Partial tr. Waley (235; tr: Hawkes (т). 
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Fan Tzu Chi Jan. JRF 81 Ж. 
See Chi Ni Tzu. 
Fing Shen Pang $i gi ES. 
Pass-Lists of the Deified Heroes. 
Popular form of the title Féng Shen Yen Í, q.v. 
Ето Shen Yen] $i m 36. 
Stories of the Promotions of the Martial Genii 
[novel]. 
Ming. 
Hsü Chung-Lin 
Tr. Grabe (1). 
Fing Su Thung | ACS 38 BE. 
The Meaning of Popular Traditions and 
Customs. 
H/Han, +175. 
Ying Shao HER». 
Chung-Fa Index, no. 3. 
Fu Hung Thu IRB. 
Illustrated Manual on the Subduing of Mercury. 
Sui, Thang, Wu Tai, J/Chin (or possibly, in 
some parts, Ming). 
Shéng Hsüan Tzu Я 27. 
Survives now orily in quotations. 
Fu kien Thung Chih Ta ERE E. 
Gazetteer of Fukien Province. 
Chhing, completed 1833, pr. 1867. 
See Chhen Shou-Chhi (1), (ed.). 


Hachiman Gudo-Kun (or -Ki) A f& £& ЖОБО ДС). 

Tales of the God of War told to the Simple fa 
military history, including details of the Mon- 
gol invasions of + 1274 and +1281]. 

Japan, late +14th or somewhat earlier ed. used 
dates from between +1469 and + 1486. 

Writer unknown. 

In Gansho Ruiji coliection (ch. 13, p. 328) 
Xd 

Hai-Chhiu Fu-Hou Ной ЕЛАК БЕРЕ. 

Postface to the Rhapsodic Ode on the ‘Sea-Eel’ 
(Warships) [and their role at the Battle of 
Tshai-Shih, +1161]. 

Sung, c. +1170 > 

Yang Wan-Li $$ HE E. 

In Chhéng- Chai Chi, ch. 44, рр. 64 ff. 

Hai Fang Tsung Lun Ө SE iR 

A General Discourse on Coastal Defence. 

Ming, before + 1621. 

Chou Hung-Tsu A E RR. 

Hai Kuo Thu Chih 73 07 ВЕ. 

Sec Wei Yuan & Lin Tsé-Hsii (2). 

Ho-Hsien Thuan Lien riaa Kuet 733 85 ee R- 

Rules for Training the Militia Bands at Ho- 
hsien. 

Ming, e. +1615. 

Author uncertain. 

Haji Godai-Ki ДЕ ET e да. 

Chronicles of the НӘ} Family through Five 
Generations. 

Japan, e. +1600. 

Witter unknown: 

in Shiseki Shüran 
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Hoje. Godai-Ki (cont.) 
{Collection of Historical Materials). 
Еа. Kondo Heijo 7 Ж MIR. 
ard. ed. Kondó Shuppan-bu, Tokyo, 1907. 
Honcho Gunkikó А 88 3E BS. 
Investigation of the Military Weapons and 
Machines of the Present Dynasty. 
Japan preface + 1709, postface + 1722, printed 
+1737. 
AraiHakuseki Я А 5. 
Autobiography tr. J. Ackroyd (1). 
Hou Han Shu ($3 3E. 
History of the later Han Dynasty [+25 t0 
+220}. 
L/Sung, +450. 
Fan Yeh {05 ЕЕ. 
The monograph chapters by Ssuma Piao 
8] B RZ (d. +305), with commentary by 
Liu Chao 88 (с. + 5:0), who first incor- 
porated them in the work. 
A few chs. tr. Chavannes (6, 16); Pfizmaier (52 


53). 
Yin-Té Index, no. 41. 
Hu Chhien Ching BE $5 88. 
Tiger Seal Manual [military encyclopaedia] 
Sung, begun +962, finished + 1004. 
Hsü Tung tif. 
Cf. Balazs & Hervouet (1), p. 236. 
Hu Khou Yi Shéng Chi B& m WR ie- 
Record of Life Regained out of the Tiger’s 
Mouth. 
Chhing, + 1645. 
Pien Ta-Shou ЖХ# 
Cf. Hummel (2), p. 741. 
Hua 1 Hua Mu Niko Show Chen Wan Khao 
ARBRE BUE. 
A Useful Examination of the Flowers, Trees, 
Birds and Beasts found among the Chinese 
and neighbouring Peoples (lit. Barbarians). 


Ming, +1581. 


Shen Mou-Kuan 
WY/155. 
Huang Chhao Ma Chéng Chi 53 88 BS Ex ic. 
Record of Army Remount Organisation in the 
Ming Dynasty. 
Ming, +1596. 
YangShih-Chhiao Ж. 
Huang Hsiao Tzu Wan Li Chi Chhing EE e E 


ig. 
Memories of the Thousand-Mile Peregrinations 
ofa Filial Son named Huang. 
Ming and Chhing, pref. of + 1643, but noc 
finished till c. + 1652. 
Huang Hsiang-Chien W pg. 
Huang Ming Ching Shih Shih Yung Pien 58: ЗА ЖЕ tit 


RAR. 
Political Encyclopaedia of Ming Dynasty 


Materials (down to the Wan-Li Reign-Period, 


including. border defence. and maritime 


Practical Státesmanship. 
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Ming, + 1603. 

Féng Ying-Ching (ed.) BER. 

Cf. W. Franke (4), p. 195; GF/ 1141. 

Huang Ming Shih Fa Lu ЕЗ BA Н dz . 

Political Encyclopaedia of the Ming Dynasty 
(containing imperial edicts, military history, 
and treatises on astronomy and calendar, 
music and ceremonies, financial administra- 
tion, economics, agriculture, communications, 
etc.). 

Ming, +1630, pr. after + 1632. 

Chhen Jen-Hsi (ed.) BR (— $9. 

Ct: W Franke (4), p. 196: WY/420; GF/ 162. 

Huang Ti Chiu Ting Shen Tan Ching Chüeh Жр, 
WR P EE RR. 

The Yellow Emperor's Canon of the Nine- 
Vessel spiritual Elixir, with Explanations. 

Early Thang or eariy Sung, but incorporating as 
ch. : a canonical work probably of the -* 2nd 
century 

Writer unknown. 

TT/878. Also, abridged, in YCCC, ch. 67, pp. 


тай. 
ME BE SE я 


Hiui-An Hsien-séng Chu Wé Kung Chi 
SM. f 
Collected Writings of Chu Hsi (lit. Mr. (Chu) 
Hui-An's Records of the Ven, Chu Wén 


Kung). 
Sung, c. +1200. 
Chu Hsi ЖЖ. 


Hai-chán Куза — BRB E 
Collected, Compiled and Edited History of 
Korea, especially the Koryé Kingdom, 
Korea, + 18th. 
Hong Yeha iE i. 
Courant (1), no. 1863. 
Juo Chhé Chen Thu Shuo +k Œ UB ge iR. 
Illustrated Accounts of the Formations in which 
Mobile Shields should be used with Guns and 


Cannon. 
Ming, prob. + i6th. 
Chhen Phei BR 38. 


Gf Lu Ta-Chieh (7), p. 138 
Hus СА Chen Chüeh Chieh Ching k 28 0 S a2 2 

Analytical Explanations of Firearms and In- 

structions for usiug them. 

Chhing. 

ShenSban-Chéng И dE. 

Now extant only in quotations. 

ЄЧ. Lu Ta-Chieh (1), p. 164. (2), p. i9. 
Huo Chit Lüch Shuo sk SE We ER. 

(= Tshao Shing Yao Lan) 

Classified Explanations of Firearms. 


Chhing. 
Wang Ta-Chbüan E iE HE & Wang 
Thao Е. 


Cf. Lu Ta-Chieh (г). p. 161, (2). p. 18. 
Now extant only iri quotations. 
Hus Chhi Ta Ghhaan KERE. 
Everything one aceds to know about Gunpew- 
der Weapons. 
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Huo Chhi Ta Chhüan (cont.) 
Date unknown. 
Writer unknown. 
Title known only from Tu Shu Min Chhiu Chi, q.v. 
Cf. Lu Ta-Chieh (7), p. 169. 
Huo САМ Thu 'K 2& [f]. 
Illustrated Account of Gunpowder Weapons 
and Firearms. 
Running-head title of the Hsiang-yang edition of 
Huo Lung Ching (q.v.). 
Huo САМ Thu ‘K 98 Щ. 
Illustrated Account of Gunpowder Weapons 
and Firearms. 
Ming, c. +1620. 
Ku Pin FR. 
Cf. Lu Ta-Chieh (7), p. 128. 
Huo Chhi Thu Shuo K 28 Ih 8. 
Illustrated Account of Fire- (and Gunpowder-) 
Weapons. 
Ming, prob. + 16th. 
Huang Ying-Chia  3& f£ FP. 
Lu Ta-chieh (7), p. 122. 
Huo Kung Chen Fa (KE. 
Troop Formations for Combat with Firearms, 
Title of the book which was given to Chiao Үй, 
the writer of the Huo Lung Ching (pt. 1) by the 
old Taoist of Thien-thai Shan. 
Cf. CCL (7), p. 86. 
Huo Kung Chen Fa sk X RE. 
Tactical Formations for Attack by Fire- (includ- 
ing Gunpowder-) Weapons. 
Ming. 
Writer unknown. 
Cf. Lu Ta-Chieh (7), p. 149. 
Huo Kung Chhieh Yao KARE. 
for, Tsé Kho Шы All zz $& ]. 
Essentials of Gunnery. 
[or, Book of Instantaneous Victory]. 
Ming, +1643. 
Chiao Hsi #9. 
With the collaboration of Thang Jo-Wang (J.A. 
Schall von Bell) @ 2$ 8. 
Bernard-Maitre (18), no. 334; Pelliot (55). 
Huo Kung Pei Yao (KK ti ЧЕ. 
Essential Knowledge for the Making of Gun- 
powder Weapons. 
Alt. tide of Pt. 1 of the Huo Lung Ching, q.v. 
Huo Kung [Wen] Ta kK x PAE- 
Answers (to Questions) on Fire-Weapons and 
Firearms. 
Ming, c. +1598. 
Wang Ming-Hao Ж 46 $. 
In Huang Ming Ching Shih Shih Yung Pien, 
ch. 16 (p. 1287). 
Huo Lung Ching KER. 
The Fire-Drake (Artillery) Manual (of Gunpow- 
der Weapons). 
Ming, +1412. 
Chiao Vi ЖЖ. 
The first part of this book, in three sections, 
is attributed fancifully to Chuko Wu-ou 
(i.e. Chuko Liang), and Liu Chi il 3€ 


(^F 1311/4 1375) appears as co-editor, really 
perhaps co-author. 

The second part, also in three sections, is 
attributed to Liu Chi alone, but edited, 
probably written, by Mao Hsi-Ping ЖЖ 
in + 1632. 

The third part, in two sections, is by Mao Yuan- 
I ўл 8€ (8. 1628) and edited by Chuko 
Kuang-Jung 38 E X &. whose preface is of 
+1644, Fang Yuan-Chuang Jj Æ & 
ChungFu-Wu RE 

This work should be considered a main nucleus 
with two supplements, summarising the de- 
velopment of successive gunpowder weapons 
between about +1280 and + 1644. The first 
part, i.e. the book itself, is the work of Chiao 
Үй, who had been a leading artillery officer in 
the army of Chu Yuan-Chang which finally 
conquered China for the Ming dynasty in 
+1367. 

Huo Lung Ching Chhüan Chi +k BE R Z Ж. 

Complete Materials of the ‘Fire Drake Manual’ 
(Nanyang edition). 

= Huo Kung Pei Yao, q.v. 

Huo Lung Shen САМ Chen Fa K 8B if ЗЕКЕ d. 

Fire-Drake Manual of Military Formations 
using Magically (Efficacious) Weapons 
(i.e. Muskets). 

Date uncertain; a + 16th century MS. 

Perhaps an early version of Huo Lung Ching (q.v.) 
copied and re-copied. 

Huo Lung Shen Chhi Thu Fa K RE i$ 22 18 5. 

Fire-Drake Illustrated Technology of Magically 
(Efficacious) Weapons. 

Yuan, perhaps с. +1330. 

Writer unknown. 

Listed in the Liao, Chin, Yuan, I Wên Chih of Lu 
Wén-Chhao, c. +1770. 

Possibly the earliest form of the Huo Lung Ching, 
q.v. 

Now extant only in quotations. 

Cf. Lu Ta-chieh (1), p. 108. 

Huo Lung Shen Chhi Yao Fa Pien K 8B ÑH az 38 


LI 8. 

Fire-Drake Book of Magically (Efficacious) 
Weapons, with the Method of Making Gun- 
powder. 

Date uncertain, perhaps Yuan. 

Writer unknown. 

MS in the Library of the History of Science In- 
stitute, Academia Sinica, Peking, with illus- 
trations more delicate and precise than those 
in any printed edition of the Huo Lung Ching, of 
which it may represent an early version. 


Huo Lung Wan Shéng Shen Yao Thu ‘k ВЕ 9t 88 vb 58 18. 


Illustrated Fire-Drake Technology for a Myriad 
Victories using the Magically (Efficacious) 
Gunpowder. 

Date unknown. 

Writer unknown. 

Title known only from Tu Shu Min Chhiu Chi, q.v. 
Cf. Lu Ta-Chieh (2), p. 169. 
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Huo Yao Fu +k SEER. 

Rhapsodic Ode (or, Poetical Essay) on Gun- 
powder. 

Ming, c. +1620. 

Мао Yuan-l 4 ур &. 

In TSCC, Jung chéng tien, ch. 96, i wén i, p. 2a, 
b, За. 

Huo Yao Miao Phin +k SB eb Sh. 

The Wonderful Uses of Gunpowder. 

Ming. 

Writer unknown. 

Cf. Lu Ta-Chieh (7), p. 149. 

Hsi Chii Tshung Hua — V8 Z W 8E (8B). 

(SKCS has Үй.) 

Western Pool Collected Remarks. 

Sung, c. +1150. 

YaoKhuan Ж. 

Hsi Chou Yen Phu JN ER git. 

Hsichow Inkstone Record. 

Sung, + 1066. 

ThangChi f£. 

Hsi Hu Chih Yü үң ij ih. 

Additional Records of the Traditions of West 
Lake (at Hangchow). 

Ming, c. +1570. 

Thien I-Héng FH £k jr. 

Hsi Hu Erh Chi 0 00 2 Ж. 

Second Collection of Materials about West Lake 
fat Hangchow, and the neighbourhood]. 

Ming, c. t 1620. 

Chou Chhing-Yuan JE iE. 

Hsi-Yang Huo Kung Thu Shuo 73 PE K Be 8 #93. 
Illustrated Treatise on European Gunnery. 
Ming, before + 1625. 

Chang Tao 2 Ж & Sun Нѕйеһ- 

Shih FR. 

Cf. Pelliot (55). 

Now extant only in quotations. 

Hsi Yuan Wên Chien Lu ga A Bh. 

Things Seen and Heard in the Western Garden 
(the Imperial Library), [a work of notes for 
the history of the Ming, +1368 to +1620]. 

Ming, + 1627; first printed 1940. 

Chang Hsiian 8. 

Cf. Goodrich & Fang Chao-Ying (1), p. 79. 

Hsiang Ping Chiu Ming Shu — $85 Ec 3c б 1. 

On Saving the Situation by (the Raising of) 


Militia. 
Ming, +1607. 
Lü Khun аж. 


Cf. Goodrich & Fang Chao-Ying (1), p. 1006. 
Hsiang-Yang Shou Chhéng Lu — 3& V3 5T IR Sk. 

An Account of the Defence of Hsiang-yang 
(City) [+1206 to + 1207], (by the Sung 
against the J/Chin). 

Sung, c. +1210. 

Chao Wan-Nien £8 EE. 

This siege was not by the Mongols, as in the more 
famous one of +1268/ +1273. 

Cf. Balazs & Hervouet (1), p. 95. 

Hsin-Ssu Chhi СЫМ Lu == Е, уу 95 85. 
The Sorrowful Record of (the Siege of) Chhi 


(-chou) in the Hsin-Ssu Year (+1221), (by the 
Chin Tartars). А 
Sung, с. +1230. 
Chao Yü-Jung # Ei. 
Hsin Wu Tai Shih Sg zi (S sh. 

New History of the Five Dynasties [+907 to 

+959]. 

Sung, c. +1070. 

Ouyang Hsiu Bk BE. 

For translations of passages see the index of 
Frankel (1). 
Hsin Yuan Shih HE. 
See Kho Shao-Min (1). 
Hsing Chün Hsü Chih {ү R A %0. 

What an Army Commander in the Field should 
Know. 

Sung, c. +1230; repr. +1410, +1439. 

Writer unknown. 

Preface by Li Chin (Ming ed.) 25 it. 

Appended to the Ming ed. of Wu Ching Tsung 
Yao, Hou Chi. 

Cf. Féng Chia-Shéng (7), p. 61. 

Hsü Chin Phing Mei Ж & YR s 

Golden Lotus, Continued [novel] (cf. Chin Phing 
Mei). 

Chhing, + 17th century. 

Tzu Yang Tao-Jen 4% Bii A. 

Tr. Kulm (1). 

Hsü Hou Han Shu e (e 88 we. 

Supplement to the History of the Later Han. 

Sung. 

Hsiao Clihang Ж. 

Hsü I Chien Chih i SE BE He. 

More Strange Stories from I-Chien. 

J/Chin, c. +1240. 

Yuan Hao-Wén Ей. 

Hsü Sung Chung Hsing Pien Nien Tzu Chih Thung Chien 
MERE Ris HE. 

Continuation of the ‘Mirror of History for Aid in 
Government’ for the Sung Dynasty from its 
Restoration onwards [i.e. Southern Sung from 
+1126]. 

Sung, с. t 1250. 

LiuShih-Chü gi d. 

Cf. Balazs & Hervouet (1), p. 77. 

Hsü Sung Pien Nien Tzu Chih Thung Chien 89 88 


Жз BE. 
Alt. title of Hsii Sung Chung Hsing Pien Nien Tzu 
Chih Thung Chien, q.v. 
Ни Tzu Chih Thung Chien Chhang Реп KIS 38 
ж 558. 


Continuation of the Comprehensive Mirror (of 
History) for Aid in Government [ +960 to 
+1126]. 

Sung, +1183. 

LiTao ж gm. 

Hsü Wên Hsien Thung Khao й СЩ Ж. 

Continuation of the Comprehensive Study of (the 
History of Civilisation) (cf. Wên Hsien Thung Khao 
and Chhin Ting Hsü Wên Hsien Thung Khao). 

Ming, +1586; pr. + 1603. 

Ed. Wang Chhi = if. 
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Hsüan Kuai Hsü Lu 2 EE fl 
The Record of Things л. and Strange, continued. 


Thang. 
LiFwYen 2 {8 =. 


1 Hai Chu Chien HS BEBE. 
Pearls from the Dust; a Collection (of Tractates) 
from the Ocean of Artistry [a tshung-shu}. 
Chhing, c. +1760. 
Ed. Wu Shêng-Lan 8 44 Mi. 
Inatomi-ryu Терро Densho ER HB ma E 
Record of Matchlock Muskets current in the 
Inatomi Family. 
Japan, +1595; never printed. 
Nagasawa Shigetsune Е E 45 5 for 
Kawakami Mosuke 78] + fe 7) BR. 
An MS. of + 1607 is in the New York Public Lib- 
rary (Spencer Colin. no. 53). 


Koi Win Lu 23 (ARR. 
Things Heard Worthy of Record. 
Sung, c. +990. 
Li Thien Æ Bi. 
Kai Yü Tihung Khao 08 E Ж. 
Miscellaneous Notes made while attending his 
aged Mother. 
Chhing, +1790. 


Chaol Ж. 
Kaisan-ki.. ak E 80. 
Book of Improved Mathematics. 
Japan, + 1689. 
Yamada Shigemasa 11) 8 iE. 
Kaisan-ki Kamoku ot Bic £8 В. 
Comprehensive Summary of Integration 
{early calculus]. 


Japan, +1687. 
Mochinaga, Toyotsugu. FRAC & 
Ohashi, Takusei. X ECC Ж. 
Keisei Hisaku ЖШ RL AR 
A Secret Plan for Managing the Country. 
japan (Yedo) +1798, pr. after 1821. 
Honda Toshiski Æ 4 # 8j. 
Cf. Keene (1). 
Khai-Hsí Té-An Shou Chhéng Lu. DB 8B GR Че ^T Б BE 
An Account of the Defence of Té-an (City) in the 
Khai-Hsi reign-period [+1206 to + 1207], (by 
the Sung against the J (Chin). 
Sung, +3224. 
Wang Chih-Yuan E Zt 3. 
Tr BK. Haus (1). 
Kho Chai Tea Kao, Hs Kao How 8| ОЕ. 
BU. 
Miscellaneous Matters recorded in the Ability 
Studio, Secorid Addendum. 
Sung, c. +1265. 
Li Tsing Po E ae 453. 
e 





LiHsin Æ. = (Khua Ao chü 
shib 5). 
He called himself the Recluse of the Atlas- 
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bestriding stone steles, because such monu- 
ments are generally placed upon sculptures of 
tortoises, and one of these was in mythology 
the supporter of the world, hence à symbol of 
longevity. 
Kikai Kanran. 
See Aoji Rinsó (1). 
Ko Chih Ku Wei. 
See Wang Jen-Chiin (1). 
Ko Wu Hsü Chih %% WAR. 

What One should Know about Natural 
Phenomena. 

Chhing, + 18th. 

Chu Pén-Chung Ж Ж Ф. 

Кӧтаї Sensenki Ў RR, ЙЛ BR ic 

А Record of the Sea-Fights against Korea. 

Japan, * 1592. 

Soto-oka Jinjaimon 7} RJ] BE c 8174. 

MS preserved in the Nabeshima family, and 
now in the Library of K yushu University. 
Cf. Pak Нае- (2). 

Koryó-sa 85 BE Ф. 

History of the Koryo Kingdom [+918 to 
+1392]. 

Korea, first compiled in + 1395; oldest extant 
version commissioned +1445, completed 
+1451. 

Еа. Chéng inji Ё RE. 

Courant (1), no. 1846. 

Ku Chin Shua Hai d; & RE- 

Sea of Sayings Old and New [florilegium]. 

Ming, +1544. 

Lu Chi(ed.) БЕН. 

Kuang Po Wu Chik РЕ doo. 

Enlargement of the Records of the Investigation aj 
Things (by Chang Hua, c. +290). 

Ming, + 1607. 

Tung Ssu-Chang Ж WE 

Kvang-Yang Tsa СЫ . SR BS RE i0 

Collected Miscellanea of Master Kuang-Yang 
(Liu Hsien-Thing). 

Chhing, c. +1695. 

Liu Hsien-Thing ZUR ЕЕ. 

Kuei Ghhien Chih - SR B Б. 

On Retürning to à Life of Obscurity: 

j/Chin, +4295. 

LiuChhi SE. 

Kuei Hsin Tsa Chih 55 ok ҖЕ Sk. 

Miscellaneous Information from Kuei-Hsin 
Street (in Hangchow?. 

Sung, late +igth-ceniury, perhaps not finished 
before +1908: 

Сһов Mi ME- 

See des Rótours (1), p, cxii; Н. Franke (14). 

Кит Thien Shih Hua 8 £8 8 35. 

Poems of Return to Farm and Tillage. 

Ming, + 

ChhoYu Et 48. 

Кий Tung Hp. 

The Control of Spirits. 

Sung, prob. c. +1165; pub. +1218 or later. 

Mr Shen УР Ж. 
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Kukcho Orye-ii Ane &. 

Instruments for the Five Ceremonies of the (Ko- 
rean) Court. 

Korea (Chosón), +1474. 

SinSukju Al &ChóngCh'ük Р. 

Cf. Trollope (1), p. 21; Courant (1), по. 1047. 

Kukcko Pogam BAW. 

The Precious Dynastic Mirror [official history of 
the Yi Dynasty, +1392 to 1910]. 

Korea (Chosón), begun c. +1460, commissioned 
by King Sejo. 

Kwon Мат fÉSE and many subsequent wri- 
ters. 

Courant (1), no. 1894, 1897. 

Kukcho Sok Orye-ŭi BE] BAAR FL HK. 

A Continuation of the Instruments for the Five Cere- 
monies of the (Korean) Court. 

Korea (Chosón) +1744. 

Ed. Courant (7), no. 1047. 

Kukcho Sok Orye-itt Po 95512 7: iB 8. 

An Extension of the Continuation of the Instruments 
for the Five Ceremonies of the (Korean) Court. 

Korea (Chosón), +1751. 

Ed. Courant (1); no. 1047. 

Kung Khuei Chi X. ifi 3k. 

Bashfulness Overcome; Recollections of My Life 
and Times. 

Sung, c. +1210. 

LouYo #98. 

Kung Pu Chhang Khu Hsù Chih X. 88 ҖЕ БЕ ZR ЖП. 

What should be known (to officials) about the 
Factories, Workshops and Storehouses of the 
Ministry of Works. 

Ming, +1615. 

HoShih-Chin 4] +3. 

Kung-Sha Hsiao Chung Chi £z Ub 35 Ж. 

Eulogy of the Loyal and Gallant í aia 
[Teixeira-~Correa, Captain of Artillery in the 
Chinese Service]. 

Ming, +1633. 


Lu Jo-Han (João Rodrigues, S. ].) #638 
Pfister (1), p. 25* (add.) 
Kuo Chhaó Ming Chhen Shik Lüeh — ju] GA LES eG. 


Biographies of (47) Famous Statesmen and 
Generals of the Present Dynasty (Yuan) 
Yuan, c. +1360. 
Su Thien-Chio && =й. 
СЕ Н. Franke (14), p. 119 
Kuo Chhao Wên Lei BAB СД. 
Classified Prose of the Present Dynasty 
(Yuan). 
Yuan, с + 1340. 
Ed. Satwla(Thien Hei} Eg SE ЕП EB 
& Su Thien-Chio- XA 
Cf. H. Franke (14); p. 119. 
Kuo Chhao Wa Li I. 
See Ku&choOryesii. __ 


Lang Ghi Tshung Than ` I S NE Nx. 
See Liang Chang-Chii (7). 
Lao Hsüeh An Pi Chi E RR E За. 
Notes from the Hall of Learned Old Age. 








Sung, с. +1190. 

ш Үч pp. 

Li Shao Phien $8 ^3 $i. 

Measuring the Ocean with a Calabash-Ladle 
[title taken from a diatribe against narrow- 
minded views in the biography of Tungfang 
Shuo in CHS}. 

Chhing, c. +1799. 

Ling Yang Tsao ДЕ. 

Li Wei Kung Wên Tui ЭЕ DRAB. 

The Answers of Li Wei Kung to Questions (of 
the emperor Thang Thai Tsung) (on the Art 
of War). 

Supposedly Thang, but more probably pro- 
duced in the Sung, +1 ith, 

Writer unknown. 

Perhaps composed by Juan! Bc i. 

Liao, Chin, Yuan I Wên Chih XR Ф 3G BE Зс E 

Bibliography of the Liao, J/Chin and Yuan 
Dynasties [the official histories of which lack i 
wên chih]. 

Chhing. 

Huang Yü-Chi (+1629 to +1691) 3E BR BE. 

Ni Tshan (+1704 to 1841) & FR. 

Chhien Ta-Hsin (+1728 to 1804) S$ X BF. 

and others. 

Liao Shih RE. 

History of the Liao (Chhi-tan) Dynasty [+916 
to +1125]. 

Yuan, +1343 to +1345. 

Tho-Tho (Toktaga) AR i & Ouyang Hsüan 
Bk BS Ж. 

Partial tr. Wittfogel, Féng Chia-Shéng «i al. 

Yin-Té Index, no. 35. 

Lieh Hsien Chuan. 91 fili Ge. 

Lives of Famous Immortals (cf. Shen Hsien 
Chuan). 

Chin, +3rd or +4th century, though certain 
parts date from about —35 and shortly after 
* 167. 

Attrib. Liu Hsiang i (61. 

Tr. Kaltenmark (2). 

Lien Ping Shih Chi ER RAE 

Treatise on Military Training. 

Ming, + 1568; pr. +1591, oen repr. 

ChhiChi-Kuang gi i oc 

Lum Ping Shih Chi Tsa Chi gk Е * CER 

Miscellaneous Records concerning Military 
Training (and Equipment) [the addendum to 
Lien Ping Shih Chi, q.v., in 5 chs. following the 
9 chs. of the main work]. 

Ming, +1568; рг. * 1371. 

Chhi Chi-Kuang gg ЖО. 

Lien Yüeh Huo САМ Chen Chi Sg BA oe 228 tg ge. 

An Examination of Training in the Use af Gun- 

powder Weapons, Cannon and Catapults. 


Chhimg +1696. 
Hsüeh На A 

Liu Pis-Kho Win Chi. SUE de or Ж. 
Literary. Records of the Imperial Tutor Liu. 
Thang, after +842. 
LiuYd-Hsi ЕВ. 
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Liu Po-Wén Chien Hsien Phing Chê Chung 8 f m E 

REG. 

The Pacification of central Chekiang by the 
Able Officers recommended by (Commander) 
Liu Po-Wén [Liu Chi, in +1340 to + 1350, 
acting as a Yuan officer against the rebels and 
pirates of the region. ] 

Ch. 17 of Chou Chhing-Yuan's Hsi Hu Erh Chi, 


q.v. 
Liu Thao RW. 
The Six Quivers [treatise on the art of war]. 
H/Han, + 2nd century, incorporating material 
as early as the —3rd. 
Writer unknown; 
See Haloun (5); L. Giles (11). 
Lo-Yang Chhieh Lan Chi 3& 5 (fm Е ас. 
(or *Loyang Ka-Lan Chi’; séng ka-lan transliterat- 
ing sangharama). 
Description of the Buddhist Temples and 
Monasteries at Loyang. 
N/Wei, c. +547. 
Yang Hsüan-Chih $$ £z. 
Lü Li Yuan Yuan $ EE H- 
Calendrical and Acoustic, Ocean of Calculations 
(compiled by Imperial Order) [includes Li 
Hsiang Khao Chhéng, Shu Li Ching Yün, Lü Lü 
Chéng I, q.v.]. 
Chhing, +1723; printing probably not finished 
before +1730. 
Ed. Mei Ku-Chhéng #5 54 & Ho Kuo- 
Tsung HAR- 
Cf. Hummel (2), p. 285; Wylie (1), pp. 96 F. 
Lü Lü Ching! АЕ. 
Collected Basic Principles of Music (compiled 
by Imperial Order) [part of 14 Yuan Yuan, 
q.v.]. 
Chhing, +1713 (+1723). 
Ed. Mei Ku-Chhéng fg ££ 5x & Ho Kuo- 
Tsung (5 8 5. 
Cf. Hummel (2), р. 285. 
Lun Héng ёв. 
Discourses Weighed in the Balance. 
H/Han, +82 or +83. 
Wang Chhung Е 36. 
Tr. Forke (4); cf. Leslie (3). 
Chung-Fa Index, no. 1. 
Lung Hu Huan Tan Chüeh ВЕ pe X& РУ 5. 
Explanation of the Dragon-and-Tiger Cyclically 
Transformed Elixir. 
Wu Tai, Sung, or later. 
Chin Ling Tzu RF. 
TT/go2. 


Man-Chou Shih Lu Thu Wh Ж Sk l. 

Veritable Records of the Manchus, with Illus- 
trations [depicting the martial exploits of 
Nurhachi, Thai Tsu of the Chhing, d. + 1626]. 

Alt. title of Thai Tsu Shih Lu Thu, q.v. 

Man Shu "x. 

Book of the Barbarians [itineraries]. 

Thang, с. +862. 

Fan Chho # #. 
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Méng Hua Lu 
See Tung Ching Méng Hua Lu. 
Méng Liang Lu 88 S£ $k. 
Dreaming of the Capital while the Rice is Cook- 
ing [description of Hangchow towards the end 


of the Sung]. 
Sung, +1275. 
WuTzu-Mu е аА. 
Moko Shirai Ekotoba 95 d 8 ҖЕ d Sul. 


Iliustrated Narrative of the Mongol Invasions 
(of Japan) [+1274 and +1281]. 
Japan, +1293; facsim. ed. ed. Kubota Beisan 
(Kubota Yonenari), Tokyo, 1916. 
Painted by some unknown master to illustrate 
the experiences of Takezaki Sueriaga 
Wy @ ZB Е. 
Mu An Chi HE. 
Literary Collections of (Yao) Mu-An. 
Yuan, ¢. +1310. 
YaoSui Ж Ж. 
Muye Tobo T'ongji Onhae =X E& ШТ SR E 58 HR. 
Illustrated Encyclopaedia of Military Arts (the 
Korean translation of the Wu J Thu Phu Thung 
Chik). 
Korea, after +1790. 
Editor not known. 
Courant (1), no. 2467. 


Nan Thang Shu 8 @. 
History of the Southern Thang Dynasty [+923 
to +936]. 
Sung, * 1 ith. 
Ма Ling H4. 
Nan Thang Shu РА E B. 
History of the Southern Thang Dynasty [+923 
to +936]. 
Sung, + 12th. 
Lu Yu  {#. 
Nihon Kokujokushi Н Ж ЖЕ sb. 
History of Japan’s Humiliation [the Mongol in- 
vasions of +1274 and +1281]. 
Japan, c. +1300. 
Writer unknown. 
No Kao Chi i SA ac. 
Records of No-Kao [collected popular beliefs 
concerning spirits, genii and Taoist gods]. 
Thang, c. +850. 
Tuan Chhéng-Shih 85 RK. 
No-Kao was a Taoist military archangel analo- 
gous to St Michael, mentioned in Pao Phu Tzu, 
ch. 17, p. 4b (Ware tr. (5), p. 285). 
Nung Chi ВЕР. 
Agricultural Record. 
Sung, Yuan or Ming. 
Writer unknown. 
Not in Wang Yü-Hu (1). 


O Yu Hui Phien. 
See Miu Yu-Sun (1). 


Ра Pien Lei Tsuan A AX. 
Classified Florilegium of Eight Literary 
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Pa Pien Lei Tsuan (cont.) 
Collections. 

Ming, с. + 1620. 

Chhen Јеп-Нә pẹ C $8. 

Now extant only in quotations. 

Pa Shih Ching Chi Chih A $ REE. 

Bibliography of the Eight Histories (includes the 
lists in six dynastic histories and four sup- 
plementary bibliographies compiled during 
the Chhing period). 

Chhing, pr. 1825 and 1883. 

See Téng & Biggerstaff (1), ist ed. p. 15, 2nd ed. 


р. то. 
Pai Chan Chi Еа E WX Zr Е. 
Wonderful Methods for (Victory in) a Hundred 


Combats. 
Sung, c. +1260. 
Writer unknown. 
Pai Chan Ching. 
See Ping Fa Pai Chan Ching. 
Pai Pien fi. 
Leaves of Grass [encyclopaedia]. 
Ming, +1581. 
Ed. Thang Shun-Chih IA 2. 
Pao Yiieh Lu (& $$ HR. 
The Defence of the City of Yiieh (Shao-Hsing) 
[+ 1358]. 
Yuan, +1359. 
Hsü Mien-Chih @ f. 
Pei Méng So Үт ДАЖ Е. 
Fragmentary Notes Indited North of (Lake) 
Méng. 
Wu Tai (S/Phing), c. +950. 
Sun Kuang-Hsien f£ 3c 3E. 
See des Rotours (4), p. 38. 
Pei Pien Thun Thien Chhé Chhung 1 { 3% vti, Ej BE 
gat. 
Discussions on the Use of Military-Agricultural 
Settlements, Muskets, Field Artillery and 


Mobile Shields in the Defence of the Frontiers. 


Ming, c. +1585. 
ChaoShih-Chén £8 + ЯЯ. 
Phing Нап Lu F W $k. 

Records of the Pacification of Han [the cam- 
paign of Chu Yuan-Chang and his generals in 
+1363 which overthrew the Han State of 
Chhen Yu-Liang in the Yangtse Valley 
and established the power of the Ming 
dynasty]. 

Ming, c. +1521. 

Thung Chhéng-Hsü # # £i. 

Phing Hsia Lu Ей. 

Records of the Pacification of Hsia [the cam- 
paign of Chu Yuan-Chang and his generals in 
+1371 which overthrew the Hsia State of 
Ming Shéng in Szechuan and established the 
power of the Ming Dynasty]. 

Ming, с. +1544. 

Huang Piao EE. 

СЕ W. Franke (4), р. 56. 

Phing Phi Pai Chin Fang (HUG SH. 
The Washerman’s Precious Salve; (Appropri- 
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ate) Techniques (of Successful Warfare) 
[military encyclopaedia]. 

Ming, after + 1626. 

Ed. Hui Lu MR. 

The title is taken from a story in Chuang Tzu, 
ch. 1, tr. Legge (5), Vol. 1, p. 173; Féng Yu- 
Lan (5), p. 39. A man of Sung State invented 
a salve for chapped hands, and it was used in 
his family, professional washers of silk, for 
several generations. A stranger bought the 
formula for 100 pieces of gold, went down to 
Wu State, and being made Admiral there, em- 
ployed it for the sailors so that they gained a 
great victory over Yiieh. One application 
brought little gain; the other won great reward 
and a noble title. 

The work seems to be rare (not in SKCS/ 
TMTY). 

Phing Wu Lu 7E. R BR. 

Records of the Pacification of Wu [the campaign 
by Chu Yuan-Chang and his generals in 
+1366 which overthrew the Chou State of 
Chang Shih-Chhéng and established the 
power of the Ming Dynasty]. 

Ming, c. +1472. 

Wu Khuan R €. 

Cf. W. Franke (4), p. 57. 

Pi Chou Kao Lüeh ТТ. 

Classified Reminiscences swept up by an Old 
Broom. 

Sung, c. +1250. 

Pao Hui £2 tk. 

Ping Chhien E $5. 

Key to Military Affaris; or, Key of Martial Art. 

Chhing, +1675. 

Li Phan SẸ & Lu Chhéng-Én ge Ж 8. 

Ping Fa Pai Chan Ching Е iE E We it. 

Manual of Military Strategy for a Hundred 
Battles. 

Ming, с. + 1590. 

Wang Ming-Hao Ж 06 #6. 

Ed. Но Chung-Shu faf fh E. 

Ping Lu Б. 

Records of Military Art. 

Ming, + 1606; pr. +1628. Later eds. have pre- 
faces of + 1630 and + 1632. 

Ho Ju-Pin fal K. 

Cf. Wang Chung-Min & Yuan Thung-Li (1), i, 
PP- 472, 475. 

Ping Lüeh Tshuan Wên Е Bk C BA. 

Classified Compendium of Things Seen and 
Heard on Military Matters. 

Ming, late + 16th. 

Chhüju-Chi ¥ $8. 

Cf. Lu Ta-Chieh (1), p. 127. 


Pu Liao Chin Yuan 1 Wên Chih Ж 3€ de St BE ACHE. 


Additional Bibliography of the Liao, Chin and 
Yuan Dynasties. 

A continuation of Liao Chin Yuan I Wên Chih, q.v. 
by many Chhing scholars especially Lu Wên- 
Chao Ж X #8 (orChhao 8) с. +1770. 
In Pa Shih Ching Chi Chih, q.v. 


598 


San Chhao Pei Méng Hui Pien = SR dc ЕҢ @ d. 
Collected Records of the Northern Alliance 
during Three Reigns. 
Sung, +1196. 
Hsü Méng-Hsin 3 38. 
San Куйка Ж 7L fil. 
Mathematics in Nine Chapters (in each of three 
volumes or parts]. 
Japan, +1677. 
NozawaSodanaga # iR Æ Е. 
Cf. Itakura (1). 
San Tshai Thu Hui = F @. 
Universal Encyclopaedia. 
Ming, +1609. 
Wang Chhi Е SF. 
Shan Tso Chin Shih Chih ALI FE Ф AE 
Record of Inscriptions on Metal and Store from 
the Left-hand Side of the Mountain. 
Chhing, +1796. 
Pi Yuan Җ фр & Juan Yuan Bü. 
Shen Chhi Phu йй 35 98. 
Treatise on Extraordinary (lit. Magical) 
Weapons [musketry]. 
Ming, + 1598. 
Chao Shih-Chén $8 -t M. 
Cf. W. Franke (3) no. 255, (4), p. 208; Goodrich 
(15). 
Shen САМ Phu Huo Wên FE 22-386 E 8. 
Miscellaneous Questions (and Answers arising 
out of) the Treatise on Guns. 
Ming, +1599. 
ChaoShih-Chén #8-+ #8. 
C£. W. Franke (3) no. 255, (4), p. 208; Goodrich 


(13) 
Shen Chi Chih Ti Thai Pai Ying Ching PAH Ж 
ARE 
Secret Contrivances for the Defeat of Enemies; 
the Manual of the White Planet. 
Full аце of Thai Pai Yin Ching, q.v. 
Зат ГС ae Bag. 
(Probably an alternative title of Shen Г Ching, 
qv) 
Records of the Spirituai and the Strange. 
Chin, с. * 290. 
Wang Fou EE. 
Shen 1 Ching igh FARE. 
Book of the Spiritual and the Strange. 
Ascr. Han, but prob. + ard, + 4th or +5th 


century. 
Attrib ngfang Shue (-2nd.). f 75 ЮЙ. 
-Probable author, Wang к Ee. 





Shen Wei Thu Shuo -PH Bo WR ЗВ. 
Mustrated Account of the Magically Över- 
awing (Weapon, i.& the Cannon): 
Chhing, + 1685. 
Nan Huai- i-Jen (Ferdinand Verbiest, S.J) 








still exists at all, must be ex- 

ly ; we know of no copy either in 
9 or elsewhere. 

Shih Chin Shih 3, = d 

On the Testing of (what is meant by) ‘Metal’ 
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and ‘Mineral’. 
See Fu Chin-Chüan (5). 
Shih Hu Shih Chi T M SS i. 

Collected Works of the Lakeside Poet. 

Sung, с. +1190. 

FanChhéng-Ta fa mtx. 

Shih Kuo Chhun Chhiu -+ Bj Ж Ek- 

Spring and Autumm Annals of the Ten King- 
doms (the States of the Five Dynasties Period, 
* 1oth cent.). 

Chhing, + 1678. 

WuJen-Chhen AER. 

Shiseki Shüran Bg EW. 

Collection of Historical Materials. 

* 15th to +18th centuries. 

Ed. Kondō Hei ут Ж ЖЖ}. 

Kondó Shuppan-bu, Tokyo, 1907. 

Shou Chhéng Chiu Ming Shu F ik d dp €. 

On Saving the Situation by the (Successful) De- 
fence of Cities. 

Ming, +1607. 

Lü Khun а $. 

Cf. Goodrich & Fang Chao Ying (1), р. 1006. 

Shou Chhéng Lu SF ji Sk. 

Guide to the Defence of Cities [lessons of the 
sieges of Té-an in Hupei, +1127 to t 1132]. 

Sung, с. +1140 and 1193 (combined in 
+1225). 

Chhen Kuei BE 8 & Thang Tao 5 5. 

СГ. Balazs & Hervouet (1), p. 237. 

Sku Nan Heit Lich З SLE. 

Collected Records of the Difficulties of 
Szechuan. 

Chhing, c. +1663, but dealing wich events in 
+1642 and after. 

Shen Hsün-Wei H RE 

Cf. Struve (1), pp. 346, 362. 

Shu Yü Chou Tzu Lu BERR k 

Record of Despatches concerning the Different 
Countries. 

Ming, +1574. 

Yen Fshung-Chien gt f£ 88. 

Shui Hu Chuan ЖО (8. 

Stories of the River-Banks [novel ‘All Men are 
Brothers’ and ‘Water Margin’}. 

Ming, first collected c. +1380, but derived from 
older plays and stories, Oldest extant 100-ch. 
version, +1589, a reprint of an original earlier 
than + 1550. Oldest extant 120-ch. version, 
+1614: 

Ascr. Shih Nai-An- ЖЕЙН ЖЕ. 

Tr. Buck (1); Jackson (1). 

Shui Let Thu Shao EER. 

Illustrated Account of Sea Mines. 

See Phan Shih-Chhéng (7). 

Siu Hsüan Fu. 98, 3c WA. 

Thought the Transcender [ode on an imaginarv 
journey beyond the sun]. 

H/Han, +135. 

Chang Héng ЖЖ. 

Ssama Fa BT RE. 
The Marshals Art (of War). 
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Ssuma Fa (cont. 
Chou (late), prob. — 4th or — 3rd. 
Writer unknown. 

Sua Munjip Fa Ф vr HE 

Essays from the Western Cliff (one of Yu's 
names). 

Korea, c. +1605, preface of +1633. 

Yu Séngnvong #1 5 8E 

Courant (1), no. 624. 

Suan Fa Thung Tsung Ж Ez GE. 

Systematic Treatise on Arithmetic. 

Ming, + 1502. 

Chhéng Ta-Wei #8 Ж У. 

Sun Tzu Ping Fa = E tk. 

Master Sun’s Art of War 

Chou (САМ), с. —345. 

Atrib. Sun Wu = EE d, more probably by Sun 
Pin SER. 

Sung Chi Chao Chung Lu R Æ RH OBR. 

Records of Distinguished Patriots of the [Second 
Half of the Southern] Sung Dynasty. 

Alt. title of Chao Chung Lu, q.v. 

Sung Chi San Chhao Chéng Yao RE = BR р E. 

The Most Important Aspects of Government as 
seen under the Last Three Courts of the 
(Southern) Sung Dynasty. 

Yuan, с. +1285. 

Writer unknown. 

СЕ Balazs & Негуоџех (17, p. 83 

Sung Hsüeh Shih Chhüan Chi R Be e HE, 

Complete Record of Sung Scholars. 

Ming, c. +1371. 

Sung Lien Ж. 

Sung Hsüeh Shih Chhüan Chi Pu ! 

Additions to the Complete Re 
Scholars. 

Ming, c. +1375. 

Sung Lien SR i 

Sung Hui Yao Kao 5 d BERR. 

Drafts tor the History of the Administrative Statutes 
of the Sung Dynasty. 

Sung. 

Collected by Hsü Sung (1809). f$ FS 

From the Yung-Lo Ta Tien. 

Sang Shih Fe Р. 

History of the Sung Dynasty {+960 to 7 i279] 

Yuan, c. +1345. 

Tho-Tho(Toktaga; RIR & Ouyang Haüan 
KZ. 

Yin- T8 Index. no. 34. 

Sung Shu ЖЩ. 

History of the (Liu) Sung Dynasty [+420 te 
+478]. 

S/Chhi, +500. 

Shen Yo Wr. 

A few chs. tr. Pfizmaier (58). 

For translations of passages see the index of 





ILE 


rd of Sung 





-Frankel (i)... - 
Sung Thung Chien Chiang Phien Chi Shik Pin Mo. um 
Жж Ba HE AK. 


Comprehensive Mirror Chronological History.of 
-the Sung Dynasty. from Beginning to End, 


Cn 
He] 
© 


Sung, +1253. 
Yang Chung-Liang $$ 16 E. 


Ta Chhing Shing Tsu Jen Huang Ti Shih Lu 3 iex 
BCS RA. 

Veritable Records of the Benevolent Emperor of 
the Great Chhing Dynasty Shéng Tsu [Sage 
Ancestor = Khang-Hsi, r. +1661 to +1722]. 

Chhing, c. +1729. 

Ed. Chiang Thing-Hsi ei al, 8 3 $8. 

Hu/ 143, 327. 

Ta Hsüeh Yeal K Æ GF 88. 

Extension of the Ideas of the Great Learning 
[Neo-Confucian ethics]. 

Sung. +1229. 


Chen Té-Hsiu 8 Ж. 
Ta Hsieh Yen 1 Pu: BB HG BB hs. 


Restoration and Extension of the Ideas of the 
Great Learning [contains many chapiers of in- 
terest for the history of technology] 

Ming, c. +1480. 

ChhiuChün fp Af. 

Талакі X Æ gd 

Records of the Reign of Great Peace fa romance 
history of one of the most troubled periods of 
Japanese history, +1318 to + 1368]. 

Japan, с. +1370. 

Attrib, Kojuma (monk) /]- 48. 

TE- An Shou Chhéng Lu E Sz SF ik Sk. 

See Shou Chhêng Lu. 

Tiny Than Pi Chiu 06 98 A ae. 

Knowledge Necessary lor (Army) Commanders. 

Ming, +1599. 

Wang Ming-Hao 35 9E £f. 

Cf. W. Franke (4), p. 208. 

Ting Wu Shë Phien 15. at d. 

Records of a Journey up to the Cities of Wu 
(Chiangsu). 

Sung. 

Wang Chih Е 8. 

Tobpo-ki aR pa EO. 

Record of Iron Guns. 

Japan, +1606; pr. + 1640. 

Nampo Bunshi H у> 

Cf. Arima (1), pp. 617 Е 

Thai Ching Ching Thien-Shik Khu Chih X HE E 
AGE n E. 

Oral Instructions from the Heavenly Masters 
[Taoist Patriarchs] on the Thai-Chhing 
Scriptures. 

Date ünkhown, but rust be after the müd + gih 
cent. and before Yuan. 

Writer unknown, 

777876. 

Thai-Chiing Tan Ching Yao Chieh 0 iB Pt ЖЕ 88 OEE. 
(= Thai-Chhing Chen Jen Ta Tan} | 

Essentials of the Elixir Manuals, for Oral Träns- 
mission-a Thai-Chhing Serysture:- 

Thang; mid torth fer +Bgo): k 

Prob. Sun Ssu-Mo =. 

In YCCC, ch-71. ; 

Tro ба (+ pp: туй. 
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Thai Pai Yin Ching KARBE- 

Manual of the White (and Gloomy) Planet (of 
War; Venus) [military encyclopaedia] 

Thang, +759. 

LiChhüan 2 3. 

Thai Tsu Shih Lu Thu KBR RB. 

Veritable Records of the Great Ancestor 
(Nurhachi, d. +1626, retrospectively emperor 
of the Chhing), with Illustrations. 

Ming +1638; revised Chhing, +1781. 

Writer unknown. 

MS of +1740 reproduced by NE University, 
Mukden, 1930; in Chinese with captions in 
Chinese and Manchu for the illustrations. 

Thang Yeh Chen Jen Chuan E ЗЕ A (8. 

Biography of the Perfected Sage Yeh (Ching- 
Néng) of the Thang. 

Prob. Sung. 

Chang Tao-Thung 7&i f. 

TT/771 

Thien Kung Khai Wu R BA. 

The Exploitation of the Works of Nature. 

Ming, +1637. 

Sung Ying-Hsing Ж E- 

Tr. Sun Jen I- Tu & Sun Hsiieh-Chuan (1) 

Thien Win R РА. 

Questions about Heaven [‘ode’, perhaps a ritual 
catechism}. 

Chou, generally ascr. late +4th, but perhaps 
— 5th century. 

Attrib. Chhü Yuan, but probably earlier 


Ré I 
Tr. Erkes (8); Hawkes (1). 
Thing Hsün Ko Yen BE Bl f& E- 

Talks on Experiences in the Hall of Edicts. 

Chhing, c. +1722. 

Aihsin-chüeh lo Hsüan-Y eh (Khang-Hsi emper- 
oroftheChhing) т E 2A. 

Thung Tien 3 8. 

Comprehensive Institutes [а reservoir of source 
material on political and social history] 
с. +812 (events down to +801). 

Embodied the earlier Chéng Tien of Liu Chih. 

Tu Yu ЖШ. 

Téng & Biggerstaff (1) p. 148. 

Thung Ya 38 WE. 

Helps to the Understanding of the Literary Ex- 
positor (general encyclopaedia with much of 
scientific and technological interest]. 

Ming and Chhing, finished + 1636, pr. + 1666. 

Fang [-Chih 7j LA ®. 

Tiao Chi Li Than 89 8 УЛ 8. 

Talks at Fisherman’s Rock. 

Wu Tai (S/Thang) & Sung, begun с. +935, 
finished after +975. 

Shih Hsü-Pai Ф 8 A. 

Tsao Chia Fa 35 FB EE. 

Treatise on Armour-Making. 

Sung, с. +1150. 

Writer unknown. 

Now extant only in quotations. 


Tsao Shen Pei Kung Fa Ж i 5 E. 
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Treatise on the Making of the Strong Bow. 

Sung, c. +1150. 

Writer unknown. 

Now extant only in quotations. 

Tsé Kho Lu Bil 9 BR. 

Book of Instantaneous Victory. 

Alt. title of Huo Kung Chhieh Yao, (q.v.) given 
only to the reprint of 1841 (Pelliot (55), 

p. 192), which introduced many mistakes and 
suppressed some of the illustrations. 
Tshao Shéng Yao Lan 32 BB. 

Important Perspectives for the Attainment of 
Victory. 

= Huo САМ Lüeh Shuo, q.v. 

Tso Méng Lu WES BR. 

Dreaming of the Good Old Days [written in the 
South after the victory of the Chin Tartars, 
recalling life in the former capital city of 
Khaiféng (Pien-ching) under the Northern 
Sung]. 

Sung, c. +1137. 

Khang Yü-Chih R#z. 

Tu Chhéng Chi Shing Ұр KE Eb. 

The Wonder of the Capital (Hangchow). 

Sung, +1235. 

MrChao #8 Æ [Kuan Pu Nai 
TéOng W Hitt (8 £i; The Old Gentleman 
of the Water-Garden who achieved Success 
through Forbearance] 

Tu Shih Ping Lich AE S ni. 

Accounts of Battles in the Official Histories. 

See Hu Lin-I (7). 

Tu Shu Min Chhiu Chi, Chiao Chéng ЖК cR. іс 


B. 
Record of Diligently Sought for and Carefully 
Collated Books. 
Chhing, + 1684; first pr. +1726. 
Chhien Tséng #8 8. 
Cf. Téng & Biggerstaff (1), 1st ed. p. 42. 
Tung Ching Chi ЗЕ ML. 
Records of the Eastern Capital. 
Sung, c. +1065. 
Sung Min-Chhiu K M&K. 
Now extant only in quotations. 
Tung Ching Méng Hua Lu R Jr BBR. 
Dreams of the Glories of the Eastern Capital 
(Khaifeng). 
S/Sung, +1148 (referring to the two decades 
` which ended with the fall of the capital of 
N/Sung in +1126 and the completion of 
the move to Hangchow in + 1135). 
Méng Yuan-Lao ЖЖ Ж. 


Wan Shu Chi Fa 5E ic. 
See Yuan Shu Tsa Chi. 
Wang Wên Chhing Kung Chhüan Shu E X BRE 
= Ж. 
Collected Writings о Wang Shou-Jen (Wang 
Yang-Ming). 
Ming, + 1574. 
Еа. Hsieh Thing-Chieh 8 Е 8. 
Сг Franke (4), p. 138. 
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Wei Kung Ping Fa Chi Pin HA Ez EE HEH. 
Military Treatise of (Li) Wei-Kung. 

Thang, +7th. 

LiChing 25. 

Fragments collected by Wang Tsung-I 
(Chhing) Œ R W 

Wei Lich JA IR. 

Memorable Things of the Wei Kingdom (San 
Kuo). 

San Kuo (Wei) or Chin, +3rd or +4th century. 

Yü Huan f&£. 

Wên Li 5и PRWEB. 

Questions on Popular Ceremonies and Beliefs. 

San Kuo/Wei, с. +225. 

Tung Hsin 3€ Bj. 

In YHSF ch. 28, pp. 72a ff. 

Wo Chhing Thun Thien Chhé Chhung I && HE vtt FG 

mti. 

Discussions on the Use of Military-Agricultural 
Settlements, Muskets, Field Artillery and 
Mobile Shields against the Japanese (Pirates). 

Ming, с. +1585. 

ChaoShih-Chén #8 + i. 

Chhé Chhung Thu is a supplement to this. 

Wu Ching Shéng Lüeh зт #8 E2 B&. 

The (Essence of the) Five (Military) Classics, for 
Imperial Consultation. 

Sung, c. +1150. 

WangShu ЕЖ. 

Now extant only in quotations. 

Wu Ching Tsung Yao EÈ EB. 

Collection of the Most Important Military Tech- 
niques [compiled by Imperial Order]. 

Sung, + 1040 (+1044). Repr. +1231 and с. 
+1510. This Ming edition is the oldest extant 
now. 

Ed. Tséng Kung-Liang $t 2 3% assisted by 
Yang Wei-Té H5 Ж # апа Ting 
Tu TE. 

Wu Ching Yao Lan RREME. 

Essentíal Readings in the Most Important Mili- 
tary Techniques (lit. Classics). 

Title of one of the Wan-Li editions of Wu Ching 
Tsung Yao. 

Wu Hsien Chih R WR. 

Local History and Geography of Wu-hsien 
(Suchow in Chiangsu). 

Chhing, +169: (2nd ed.). 

Ed.SunPhei Ж. 

Wu I Thu Phu Thung Chih I $ 8 Bt ВЛЕ. 
Illustrated Encyclopaedia of Military Arts. 
Korea (Chosón), +1790. 

Еа. Pak Chega ЖЖЖ & Yi Tóngmu 
F аж. 

Based on an earlier draft by Han Куо && & 
done in the + 1590s in consultation with 
Chinese military technologists then in Korea 
fighting the Japanese under Hideyoshi (Chong- 
jo Sillok, 30/314). 

СЕ Muye Тобо T’ongji Onhae, the Korean version 
of the text. 

Wu Li Hsiao Shih $5 BB hs BR. 
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Small Encyclopaedia of the Principles of Things. 

Chhing, +1664. 

Fang l-Chih 5 Ж. 

Cf. Hirth (17) 

Wu Lin Chiu Shih E $k E E. 

Institutions and Customs of the Old Capital 
(Hangchow). 

Sung, c. +1270 (but referring to events from 
about +1165 onwards). 

Chou Mi Ж. 

Wu Lüeh Huo Chhi Thu Shuo 3% E& K 22 M 59. 

Ilustrated Account of Gunpowder Weapons 
and their Use in Various Tactical Situations. 

Ming, c. +1560. 

Incorporated in Wu Pei Chhüan Shu, q.v. 

Hu Tsung-Hsien Я 5 8. 

Wu Lüeh Shen Chi ER Wg ñe H. 

The Magically (Effective) Arm in Various 
Tactical Situations [musketry]. 

Ming, c. +1550. 

Hu Hsien-Chung „ АЯ W E (perhaps Hu 
Hsien-Chung $5 9S (P ). 

Cf. Lu Ta-Chieh (г), p. 139. 

Wu Lüeh Shen Chi Huo Yao FR B& ib He k BE. 

On Gunpowder for Muskets and their Use in 
Various Tactical Situations. 

Ming, c. +1560. 

Incorporated in Wu Pei Chhüan Shu, q.v. 

Hu Tsung-Hsien 485 @. 

Wu Pei Chhüan Shu R (fi & S. 

Complete Collection of Works on Armament 
Technology (including Gunpowder 
Weapons). 

Ming, +1621. 

Еа. Phan Khang #& 8. 

Wu Pei Chih R M E. 

Treatise оп Armament Technology. 

Ming, prefaces of +1621, pr. +1628. 

Mao Yuan-I 3 75 8 

Cf. Franke (4), p. 209. 

Wu Pei Chih Lüeh E ff ЛЕ Wi. 

Classified Material from the Treatise on Arma- 
ment Technology. 

Chhing, c. + 1660. 

FuYà (858. 

Wu Pei Chih Shéng Chih E ff H) ES E. 

The Best Designs in Armament Technology. 

Ming, c. +1628. 

MaoYuan-] > bd. 

MS of 1843 in the Cambridge University 


Library. 
Cf. Franke (4), p. 209. 
Wu Pei Hsin Shu Ж, fff Т 18. 


New Book on Armament Technology [very simi- 
lar to Chi Hsiao Hsin Shu, q.v.]. 

Ming, + 1630. 

Attrib. Chhi Chi-Kuang Ж #8 3C. 

True compiler unknown. 

Wa Pei Huo Lung Ching E fl k BB EE. 

The Fire-Drake Manual and Armament Tech- 
nology [gunpowder weapons and firearms]. 

Ming, completed after + 1628, but containing 
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Wu Pei Huo Lung Ching (cont.) 
much material from earlier versions of the Huo 
Lung Ching. 
Attrib. Chiao Yù ЖЖ. 
Cf. Ho Ping-Yü & Wang Ling (1). 
Wu Pei Pi Shu ЖЖ. 

Confidential Treatise on Armament Technology 
fa compilation of selections from earlier works 
on the same subject]. 

Chhing, late + 17th; (repr. 1800). 

Shih Yung-Thu Ж Ж 8. 

Wu Pien ў #8. 

Military Compendium [technology and equip- 
ment, including Western-influenced 
firearms}. 

Ming, c. +1530. 

ThangShun-Chih Ж ЩЙ. 

Wa Shit Pên Tshao БЕ E EH. 

Mr. Wu's Pharmaceutical Natural History. 

San Kuo (Wei), c. +235. 

Wu Phu ЖЖ. 

Extant only in quotations in later literature 

Wu Shih Thao Lüeh i& SX R8 RE 

A Classified Quiverful of Military Texts. 

Ming, before +1621. 

Wang Wan-Chhing E BLUR. 

Wu Shu Ta Chhüan Ж К 52. 

Complete Collection of the Military Books 

Ming, +1636. 

Ed. Yin Shang F f- 

Cf Lu Ta-Chieh (2). p. э. 

Wu Tai Shih Chi Xt f& s 0. 

See Hsin Wu Tai Shih. 

Wu Ti Chen Chhüan ОЙ. 

Reliable Explanations of Invincibilicy. 

Ming, c. +1490. 

Writer unknown. 

Now extant only in quotations. 

Hy Ти Fa E BERR. 

Ode on the Capital of Wu (Kingdom), 

Chin, c, +27 

TsoSsu d: 

Tr. von Zach (6). 

Wu Yieh Pei Shih 38. 831 E 

Materials for the History of the Wu-Yüeh State 
lin the Five Dynasties Period). 

Sung, c. +995; 

LinYà Жа. 

Yawata бийм. 
See Hachiman Gud6-Kun. 
Yin Fu Ching З. 

The Harmony of the Seen and the Unseen. 

Thang,z; +735 (unless itt essence a preserved 
late Warring States document). 

LiChhGan “Ba. 

TT/3o: Ct. TT/105-24. Also in TTCY (Tau Chi, 
6). 

Tr. Legge (5). Cf. Морао (Fi p. 222. 

Yü Chien Chin Chai Chi Mu. ИЙ жешн. 

Imperial Specifications for Army Equipment. 
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Sung, c. #1150. 
Writer unknown. 
Now extant only in quotations. 
Yä Chih Thang Than Wei БОЁ ŽRE. 
Thickets of Talk from the Jade- Mushroom Hall. 
Ming, c. + 1620. 
Hsü Ying-Chhiu (ed.) 
Ya Chu Shih] ЖЕЛ. 
The Organisation of Friends lor Mutual Protec- 
tion (in the Ming militia). 
Ming, c. +1600. 


ЖЕ. 


ChinShéng 4. 
Fä Ssu Chi =A. 


Jade Box Collection [poetry]. 
Yuan, c. +1341. 
Chang Hsien 3E Ж. 
Yü Tung Hsü Lu 8 5 FF BR. 
Late Winter Talks. 
Ming, +1528. 
Но Méng-Chhun {Ф®%® Ж. 
Cf. Franke (4), p. 105. 
Ya Tung Hsü Lu Tsé Chhao Wai Phien 
а. 
Further Collection of Selected Excerpts from the 
‘Late Winter Talks’. 
Orig. Ming, +1528. 
Ho Méng-Chhun faj Ж Ж. 
Yuan Shih FEB. 
History of the Yuan (Mongol) Dynasty [+ 1206 
to +1367]. 
Ming, c. +1370. 
Sung Lien RF etal. 
Yin-Té Index, no. 35. 
Yuan Shu Tsa Chi 98398 9 50 
Records of the Seat of Government at Yuan 
(-phing), (Peking). [or, Miscellaneous 
Records of a Minor Office]. 
Ming, +1593: 
Shen Pang ik 6. 
Yäeh Ling Kuang? В т. 
Amplificatiens of the ‘Monthly Ordinances’ 
Ming, soon after + 1592. 
Féng Ying-Ching 6 Ж. 
Yueh Shan Tshung Than F iU E EX 
Collected Discourses of Mr Moon-Mountain 
(i.e; Li Wén-Féng; Yüeh Shan Tzu). 
Ming, c. +1945. 
Li Wen-Féng 26 5 Д. 
Yin Lu Мап Chhao #588 00 yb. 
Random Jottings at Yün-Lu. 
Sang, +1206 (referring to events of about +1170 
onwards). 
Chao Yen-Wei- £835 Hi 
Yunnan Chi Wa Chhao Huang ж mS б ШЖ. 
A Rough Statement of the Course of Affairs in 
Yaman. 
Ming, +1388. 
Chang Tan 3E $E. 
СЕ. W: Franke (4). p. 59. 


CIT (or fk) 


B. CHINESE AN 


Anon. (33). 


San Mên Hsia Tshao Yün | Chi = РЧ wk т 58 
й E 


The Remains of the Canal [and the Trackers’ 
Galleries] in the San Mén Gorge (of the 
Yellow River). 

Kho-Hsüeh, Peking, 1959. 

(Academia Sinica, Archaeological Field Studies, 
no. 8.) 

Anon. (209). 

Chung-Kuo Li-Shih Po-wu-kuan Chhen Lich ti i phi 
Ming-Tai Huo-Chhi Fu-Yuan Mo-Hsing cp 84 
E sb He o 88 BR FJES ЯА fok Be 
LE ER 

Comments on the Reconstructions and Models 
ol the Fire-Weapons of the Ming period dis- 
played in the National Historical Museum. 

WWTK. 1959, no. 10 (no. 110), 53. 

A E (210). 
Vin Chhiao Shan Han Ми Chu Chien Sun Tzu Ping 
Fa’ ЕШ Bi EE p HET BR OR ee. 

The Versions of ‘Master Sun’s Art of War’ found 
on Bamboo strips in a Han Tomb at Silver- 
sparrows Mountain. 

Wén-wu. Peking, 1975, 

Anon, (271) (ed.) 

Nei Méng-Ku Wén-Wu Tzu- Liao Hsüan Chi 
GX te ER. 

Choice Collection of Cultural Objects of Inner 
Mongolia [album]. 

Huhihot, 1964. 

Anon. (272). 

ChÀing- Tai Chhou-Pan l-Wa Shih-Mo.— ig р BE 
SEHE ES rn Ж 

Complete Record of the Management of Barba- 
tian Affairs during the Chhing Dvnasty. 

Peking, 1930. 

Cf. Hummel (2), p. 383. 

Anon. [273]. 

Мао Sê Chiang Yang Fa Thu Sho 
PT 8. 

illustrated Manual of the Use of the Mauser 
Rifle. 

2. +1890. 

Anon. (2743. 

Hua Hsüeh Fa-Chan Chien Shih 
gu. 

A Simple Introduction to the History of 
Chemistry: 

Eho-Hsüeh Chhu-pan-shé, Peking, 198c. 

Anon. (262). 

Chichibu Muku Jinja ne Ryüsei 

Ty Bg TA. 

The Dragon-Power Festival at the Muka (Shin- 
to) Shrine in Chichibu District (formerly 


1976. 


Pa 35 


X REGE OB 


ta RE 


Ee B d di 





iD JAPANESE BOOKS AND JOURNAL 
ARTICLES SINC 


CE +1800 


Saitama)—rocket-launching displays. 
ANA 1983, no. 170, 9. 
Anon. (263). 
Ta-Tsu Shih Kho X: i T7; Zl. 
"Phe Stone-Carvings (in the cave Temples) of 
Tu-Tsu (Szechuan). 
Szechuan Fine Arts Academy, Chhéngtu, 1962. 
Aoj Rinsó (1) # Hb ARE. 
Kikai Капал Ж 3 HM. 
A Survey of the Ocean of Pneuma [astronomy 
and meteorological physics]. 
Japan, 1825; enlarged in (851 by Kawamoto 
Kómin. 
1а. NKKZ, vol. 6. 
СЕ Tuge Hideomi (1), p. 81. 
Avakawa Hideyoshi (7) 
Bunkyu по Eki ni Mohogun wa Roketto о Rioy shita 
ka? 
Were Rockets used in the Mongol Invasions 
(+4274 and +1281)? 
NR, 1960, no. 148, 86. 
Arima Seihd (1) Ж B E 9. 


Каћа no Kigen to Sono етуй : pa D $B B e 
* 0) fl iit. 

On the Origin and Diffusion of Cannon and 
Firearms. 


Yoshikawa. Kóbunka, Tokyo, 1962. 
Arima Seiho ЖЕУ & Kuroda Genji (7) 
BR К. 
Кори Zaimeihe ni tsuite Ht FH YE SERB IL Da CT. 
On Self-dated Inscribed Cannon of the Hung- 
Wu reign-period (+1368 to +1398). 
MMO, 1934, 16, 1. 
Arizaka Shéz6 (1) 88 Ж. 
Heiki Enkaku Zusetsu E BB 19 К ЩЙ. 
MWustrated Account of the Development of Mili- 
tary Weapons. 


Tokyo. 
Arisaka Shoza (2) Ж B RA. 
Fleikika 5. BS oe. 


A Study of Military Armaments, 4 vols. 
Yuzankaku, Tokyo, 1935-7 


Chang Chou-Hsin (7) 3E hg a. 
Chhi-Shih Nien Lai Chung-Kuo Ping Chat Chih Ckik- 
Тоо ETER BE fe HS. 
The Nags of Weapons in China during 
the past Seventy Years. 
TFTC, 1936, 33 (no. 27,21 (104055). 
Chang На (7) Sij. 
Haus-Yao ti Fü-Ming X BE 6 XE BB 
On the Invention of Gunpowder. 
Thung-Su Tu-Wx, Peking, 1956. 
Chang WerHua{ fr} ag EE. 
Ming Shik Fo-Lang-Chi Lü-Sung, Ho-Lan, 1-Ta-Li- 
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Chang Wei-Hua (1) (cont.) 
Ya, Ssu Chuan Chu Shih BA E (b RRA 
Eu 5 ш л РЧ 3:3 2 
A Commentary on the Four Chapters on Portug- 
al, Spain, Holland and Italy in the History of 
the Ming Dynasty. 
YCHP, Monograph Series, no. 7. 


Peiping, 1934- n4 


Chang Wén-Hu (7) 35 3C Ж. ч 
Shu Í Shih Shih Tshun 8t &&k BFE. 
Selected Poems from the Pavilion of Relaxed 
Aesthetic Contemplation. 
Nanking, c. + 1860. 
Chang Yün-Ming (7) 35 58 88. 
Hei Huo- Yao Shih Yung Thien Jam Liu-Huang Phei 
Chih ti Ma? BK 45 Ж: KR BL Be 0 


f nf. 
Was Black (Gun-) Powder made from native 
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GENERAL INDEX 


by CHRISTINE OUTHWAITE 


Notes 


(1) Articles (such as ‘the’, 
(such as ‘de’, 


‘al-’, etc.) occurring at the beginning of an entry, and prefixes 
‘van’, etc.) are ignored in the alphabetical sequences. Saints appear 


among all letters of the alphabet according to their proper names. Styles such as Mr, 
Dr, if occurring in book titles or phrases, are ignored; if with proper names, printed 


following them. 


(2) The various parts of hyphenated words are treated as separate words in the alpha- 
betical sequence. 1t should be remembered that, in accordance with the conventions 
adopted, some Chinese proper names are written as separate syllables while others are 


written as one word. 


(3) In the arrangement of Chinese words, Chh- and Hs- follow normal alphabetical 
sequence, and й is treated as equivalent to и. 


A-Chu (attacked Yangchow, + 
A-Li-Hai-Ya. See ‘Ali Yahya 
Aba Bakr (Pu-Pai), 574 
Aba’l Mojid (Fu-Mou-Ché), 574 
Ackroyd (1), 38 (a) 
aconite, 123, 125, 180 (g), 272 (e), 361 
Acre, siege of, 74 
‘action at a distance’, belief in, 2 
Aelian (d. -- 140), 73 
Aeneas the Tactician, 66 
aeolipile, 521 (a) 
aerial nitre, 102, 363, 546 (e) 
aerosol, to colour smoke, 145 
Affonso, Martim (Portuguese squadron leader, 
- 1522), 369 (c) 
African wars, colonial, use of rockets in, 520 (e) 
Agatharchidas, on Egyptian gold-mines, 533 
Agathias, History, 74 (c) 
Agiles, Raymund de, 74 (h) 
agni astra, meaning of the term, 68 
Agricola, De Re Metallica, 104, 533 
air-guns, 272 (d) 
‘air-stops’, 272-3 
‘Ala al-Din of Mosul (A-Lao-Wa-Ting). 574 
Albertus Magnus (Dominican scholar, + 13th 
century), 50, 114 (f) 

alchemy, alchemists, 1, 6, 108, 541-2 

and the invention of gunpowder, 7-8, 15 

and the recognition and purification of salipetre, 


1276), 169 


9 
and early experiments with gunpowder in- 
gredients, 111-17 
alcohol, oe ee (shao chiu}, in gunpowder manu- 
facture; 35 
Alexander the Gita, and the Oxydraces, 68 
Alexander, & Johnson (1), 105 (a) 
Alexandrians, 551 
proto-chemists, 15 
mechanicians, 521 (а), 544 
Algeciras, siege of, 44 (a), 578 


‘Ali Yahya (A-Li-Hai-Ya), 175, 574 
Allan (1), 531 (0) 
Allen (1), 465 (a) 
Allen, Ethan, the guns of (1937), 410 
Alley, Rewi (9), 529 (e) 
Almond, Walczewski et al. (1), 527 (c) 
Alor, siege of, 74 
aluminium, in fire-work compositions, 141 
Alvares, Jorge (Portuguese commander), 372 (f) 
Amadis de Gaul (printed early + 16th century), 262 (f) 
Ambras Castle, 552 (b) 
America 
Amerindian poisons, 272 (e), 274 (a) 
rocket. development in, 506, 524 (е) 
19th-century use of rockets, 520 and (4; 
GALCIT/ORDCIT, 524 
mechanical rock-drilling in, 544 (a) 
Amiens, gunpowder used at (+ 1417), 348 (a) 
wies 59, 69 (I), 70 (d), 347 (b), 353 (1), 359, 


Ammianus Marcellinus, 66, 67 (e) 
Amoy University, cannon preserved at, 411 (g) 
An-chhing Ping Kung Chhang, arsenal, 467 
anaphoric float, 202 
Andrade, Fernáo Peres de (Portuguese navali 
commander), 355 
Andrew (André) of Longjumeau (Dominican, 
+4gth century), 49, 570, 575 (b) 
Anglicus, Robertus, 5o (Б) 
animals, to carry incendiaries or bombs, 210-18 
Samson and the foxes, 66 
Thien Tan and oxen, 70, 213 (а) 
*fire-beasts? (Лио show), 211; of wood (ти hua 
shou, 218; * fire-oxen’ (hue nis), 213; at Than, 
222 
Ses -alse * fire-birds’ 
animals, iri rackets 
18th century, 506 (b) 
Russian; 527 (d) 
Anking Arsenal, 98 
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Annam, 539 (k) (m) 
possible origin of certain fire-weapons, 240, 
310-13, 488 (b) 

antimony, in firework compositions, 145 

Aoji Rinsd (1), 391 

Apollodorus of Damascus (--2nd century), 66, 
273 (d) 

Apollonius of Tyana, 68 

Appier, 145; (1), 262 (e) 

Appier & Thybourel (1), 262, 353 

Appier-Hanzelet (1), 517 

aquescent. See aquose 

aquose (related to the element Water), 7, 100 

'araba (cart/gun-carriage), 68-9 

Arabs, 7, 16, 40, 69 (b), 77, 209 (с), 443 (c), 464, 
568 (e) 

Arab sources for the study of gunpowder, 41-7; 
possible Arab origin of the Liber Ignium, 39 

knowledge of true guns, 44 

as transmitters of gunpowder technology from 
China, 63; possibly via Arabs in Mongol 
service, 573-4; possibly not transmitters of 
gunnery to Europe, 577-8 

their skill with naphtha incendiaries, 74-5; ac- 
quisition of Greek Fire, 80; possible Arab 
route for Greek Fire to China, 86, 92 

Arabian conditions right for saltpetre, 95; Arab 
knowledge of, 107-8; purification of, 42 

their knowledge of fire-lances, 259-60, also 43, 46 

Arab data on the nitrate content of gunpowder 
examined, 347-50 

receive Chinese inventions ‘fully fledged’, 568 

Arai Hakuseki. See Honchó Gunkikà 

Architronito (Leonardo's steam cannon), 554 

Archytas of Tarentum (f. — 380), 521 (a) 

arcuballistae, 19 (Е), 66, 85, 89, 124, 147, 154, 157 (b), 
165, 167, 415, 465, 572 (e) 

Arderne, John, 568 (k) 

Arima, 25 (b), 64; (1) 19 (c), 21, 22, 63, 68 (d), 
106 (b), 120 (d), 158 (с), 178 (а), 287 (b), 
288-9, 307 (f) (s) (h), 309 (a) (b), 310 (a), 
311, 325 (a), 344 (а), 352 (a), 429 (8), 430 (f), 
469 (g) 

on the Fire-Drake Manual, 24, 26, 27, 31, 32 

Arima & Kuroda (1), 325 (a) 

Arisaka Shózo (1), 68 (d), 178 (a), 295 

aristolochia (ma tou ling), 116 

Armenia, 575 

Armstrong-Whitworth, ‘double-structure’ cannon, 
334 (a) 

arquebus, 27, 32, 36, 311 (h), 351, 354, 358 (a), 
390 (a), 429, 443 

derivation of the term, 426 
See also * bird-beak gun” 
Arrian, Exped, Alexander, 67 (b) 
Anabasis Alexandri, 68 (c) 
* Arrow’ war, the, 189 (d) 
arrows 
Shih, 1 (d) 
as co-viative projectiles for fire-lances, 9, 225 (c), 
226, 236-46, 254, 311, 486-8; for eruptors, 
268-71 


shot from guns, 221 (a), 304-6, 307, 309, 314, 
408; early European, 236, 287-8, 486 
See also fire-arrows, rocket-arrows 
arsenals, 27, 38, 75, 90, 307, 407 (a) 
work of the Arsenals Administration (N. Sung), 
93-4; (S. Sung), 173, 440; 17th-century bulk 
purchasing, 353-4 
explosions at, 209-10 
inventions at Shou-chhun-fu, 226 
output of guns, 4- 1380s, 292 (h) 
Korean, 309 
re-centralisation of, 314 
in the early 19th century, 364-5, 467 
See also gun foundries 
arsenic, arsenic sulphide, realgar (arsenic di- 
sulphide) 
in proto-gunpowder and gunpowder mixtures, 
1, 2, 109, 112, 145, 180 (g) (i), 187 (c), 228, 
232, 234, 267; in the Sung formulae, 118, 120, 
123, 125, 343-4 table 2; possible origin of this 
use, 115; in Arab mixtures, 41; European, 51, 
125, 260, 353 
earliest preparation of pure metallic arsenic, 114 
in traditional theory, 361, 363 
Arthasástra, 68, 125, 218 
artillery 
earliest piece of field artillery, 317-21 
later developments in, 365-424 
"Turkish, 443 
See also bombards, cannon etc. 
arum (pan hsia) (Pinellia tuberifera), in gunpowder 
mixtures, 362 
Ascelin (Dominican, + 13th century), 49, 575 (b) 
ashes 
in the purification of saltpetre, 42 
in a poison-smoke formula, 125 
asphalt, in ‘automatic fire’, 67 
Assam, 311 (h) 
Assur, siege of, 74 
Assyria, use of incendiaries in, 65 
Athenaeus of Neukratis, 67 
Athens, 65 
atmospheric pressure, knowledge of, 555-6 
Audot (1), 41 (f) 
aurum fulminans, 56 
automata, 218, 521 (a) 
‘automatic fire’, 39, 42, 55, 166 
its composition and use in antiquity, 67 
Ava-Burma, hostilities with (-- 1387), 307 
Avdat, saltpetre in, 107 (d) 
‘The Avowynge of King Arthur’ (+ 14th-century 
poem), 578 (b) 
Ayalon (1), 44, 47 (a), 273 (c), 348 (d), 443 (a), 
568 (e), 572 (e); (3), 45 (а) 


Babington, John (1), 42 (b), 143, 548, 551, 552 (а) 
Bacon, Francis, 68 (e) 
Bacon, Roger, 47—50, 108 
De Erroribus Medicorum, 39 (i); commentary on 
Secretum Secretorum, 47; Opus Maius, Opus 
Minus, Opus Tertium, 48—9; Epistola, 48, 49-50 
knowledge of Greek Fire, 48 


INDEX 653 


Bacon, Roger (cont.) 
knowledge of fire-crackers, 49, 50, 570-2 
in Hime (2), 49, 62; in Boerhaave, 56 
Baddeley (1), 358 (c) 
Baghdad, 575-6; siege of, 325 (f) 
al-Baghdadi, ‘Abd al-Latif (historian), 80 
Baha ‘al-Din, 74 (m) 
Baker (1), 484 (i), 498 (a) (b) (c) (d), 506 (e) (f), 
518 (c) (d), 520 (c) (e), 522 (a) (b) (e) (i), 
524 (f) (1), 525 (b) (e) 
balance-weight, of a rocket arrow, 478-80 
Balazs & Hervouet (1), 22 (h), 131 (c), 132 (d), 
133 (2) 
Baldwin of Hainault (knight and traveller to the 
East), 49, 571 
Balkans, 443, 578 
Ball, Dyer (1), 139, 257 (c), 509 (a) 
‘ballistic pendulum’, for measuring explosive force, 
552 
ballistics, 390-1 
balloons, hot-air, 158 (b), 572 (f) 
bamboo 
a natural cylinder or barrel, 8, 220 
a natural fire-cracker (pao chu, pao kan), 128-31, 
133 
its roots in gunpowder mixtures, 118, 122, 123 
used to make ‘ground-rats’, 135; ‘whip-arrows’, 
149; fire-kite, 158; as casings, 161, 163, 165; 
for a land-mine, 193; fire-rollers, 218; fire- 
lances, 228, 230, 232, 234, 243, 254, 257, 486; 
its persistence in proto-gun barrels, 251, 254; 
for blow-guns, 272, 274; cross-bow tubes, 274; 
rocket-launchers, 488; multi-stage rocket, 508; 
Indian rocket, 518; cupping vessel, 554. 
hot-oil treatment for, 193 
gun-barrel hoops possibly derived from the nodes 
of, 332 
ban, bana, bannes (rockets), 517 
Banks (1), 334 (a) 
Bar Sauma, Rabban, the travels of, 575-6 
Barba (1), 535 (b) 
Barbosa, Duarte, 517 
Barbotin (1), 139 
barium, for coloured flames, 145 
Barnett & Faulkner (1), 65 (d) 
Barnett, William (engineer), 565 
barometer, Torricelli’s, 555 
Barowa & Berbelicki (1), 508 (a) 
barrels (weapon-), 220 
first metal barrels, 234, 263 
persistence of bamboo for, 251 
replaceable, 321; screw-on, 429 
bottle/vase/gourd shaped, 325-30, also 289, 315 
hooped, ringed, ridged, 331-40 
manufacture of barrels for muskets, 438-40 
of fire-lances and proto-guns, 486 
Barrow, John (1), 139, 144, 560 
Barsanti, Eugenio, 565 
Bartholomew of Cremona (traveller in the east), 
575 (b) 
bárüd (saltpetre, later gunpowder), 41, 42, 45, 46, 
47, 106 (i), 107 (c), 568 (e) 


‘bases’ (breech-loaders), 368 
Basil the Hungarian (at the court of the Great 
Khan), 571 (b) 
Bastian (1), 531 (d) 
Bate, John, 141 (g), 143; (1), 42 (b), 261, 548 
bats, 512 (i) 
Bata, 572 (d), 573, 574 
Bauermeister (1), 205 (f) 
Bayaji, Emir of Hami, 440 
Bayan (Po Yen) (Mongol general, + 1274, + 1279), 
93 (c), 156, 227, 572 (d) 
Bayniel, Marqos (Mar Yabhallaha ІШ), 576 
bayonet, 243, 444 (c) 
plug-bayonet, 455 (a) 
beacon-towers. See watch towers 
Beal (4), 208 
Beaumont & Fletcher, Knight of the Burning Pestle, 
262 (f) 
Beazley (3), 570 (c), 571 (a), 573 (a) 
Beck (1), 555 (b) 
Bela, King of Hungary, 573 
Belgutai (Mongol prince, half-brother of Chingiz 
Khan), 294 
Beli, John, of Antermony (+1691 to +1780, 
Scottish physician in the Russian service, for a 
time resident in Peking), 127-8, 146 (g) 
Bellew (1), 396 (a) 
Bellifortis. See Kyeser 
bellows 
in warfare, 66, 167 
double-action piston bellows, 84 
water-powered, 545 
‘Bengal Fire’, 145 
Benin 
Chinese gun from, 331 
breech-loader (15th century) from, 368 
Bennett (1), 365 (a) 
Benz, Karl, and the internal combustion engine, 
567 
Beowulf, 78 (a) 
Bergbau Museum (Bochum), 536 
Bermuda, culverins from, 369 (b) 
Bernal, J. D., 544 (d); (1) 18 (a), 128 (b), 334-5, 
544 (d), 546 
Bernard (1), 520 (j) 
Bernard-Maitre (7), 37 (a) 
Bernardi, Enrico, and the internal combustion 
engine, 567 
Bernier, Francois (1), 517 
Berninger (1), 508 (a) 
Bernouilli (1), 551 (e) 
Berthelot (4-6), 33 (b), 51 (d) (0), ба; (7), 62; 
(9), 77 (9); (10), 39 (d), 77 (d), 106-7; (13), 
77 (d), 345 (€); (14), 39 (f), 51 (е), 77 (d), 
112 (e) 
Berthelot & Duval (1), 106 (i) 
Berthelot & Houdas (1), 39 (f) 
Berthelot & Ruelle (1), 77 (g) 
Beth Govrin, saltpetre deposits in, 107 (c) 
Bhatnir, siege of, 69 
Bibilashvili et al. (1), 528 (a) 
Bingham (1), 520 (j) 
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biological examples of emission tubes and pro- 
jectiles, 8 
Birch (1), 548 (g) 
bird-beak fire lance, 26 (c) 
‘bird-beak gun’ (niao tsui chhung) or ‘bird gun’ 
{niao chhung) [arquebus or early musket], 26, 
27, 33, 36, 38, 351, 354, 358, 401, 437 
derivation of the term, 432; description and ac- 
quisition, 432-43 
‘bird guns’ (phan chhang niac chhiang) copied by 
Tai Tzu, 408-9, 410-11 
birds, to carry incendiaries. See ‘fire-birds’ 
Biringuccio, Vanoccio, Piratechnia, 260-5, 508, 548 
Birkenmaier (2), 516 (h) 
Bisset (1), 180 (j), 272 (e), 353 (d), 362 (e); (2), 
353 (9), 362 (е) 
Biswas (3), 483 (b) 
bitumen, in fire-arrow mixtures, 66, 74 
Biyanagar, battle of (+1368), 68 
Black Berthold, See Schwartz, Berthold 
Blackmore (1), 199 (e), 329 (d), 366 (F), 367 (а), 
408 (g), 411 (b), 425 (а), 427 (a), 428 (c) (0), 
429 (b) 432 (1), 437 (Ы) (e) 444 (с); (а), 
161-(d), 259(e& 289 (f), 331 (b) 337 (а), 
339 (е), 366 (D, 368 (c), 369 (а), 381 (с), 
396 (с); (4), 243 (9), 421 (f), 428 (8), 465 (d) 
Blair (1), 428 (b) 
Blakey, William, improved water pump of, 564 
blasting. with gunpowder: in Europe, 535-8; in 
China, 538-44 
* plug-shooting'; 536 
‘stemming’ or tamping, 537 
blow-gun, its relevance to the appearance of gun- 
powder tubes, 272-4 
tüwek; 443 
blow-torch or blow-lamp, 78 (1) 
Bockmann (1), 65 (a) 
Bodde (12),.1 (с), 137 (а) (b): (25), 138 (b) 
Bocheim (1), 62 (b) 
Boerhaave, Hermann, Elementa Chemiaz, 56-7 
bolting- (sifting-) machines, 545 
bombards, 276-341 
in Europe, 27, 51,284; transmission to, 570, 577- 
See also Walter de Milamete 
Arab; 44; Moorish, 57 (c) 
terminological problems in the study of, 276-84 
surviving Chinese specimens, 284-99 passim 
distinction between hand-guns and, 292 (a) 
mounted, 317-22 
See also hand guns 
bombards, named 
hutun phao (crouching-tiger phao), 22, 277-9, 313, 
314-15 
ksing phao ché, as cannon, 277-81 
Asien  chhé -phao (‘bombard on-a high-fronted 
éatriage’), 281 
mai fü chhung (‘subduing and burying cannon"), 


284 ; 
wel-yuan shen chhung (the wonder-working loog- 
range awe-inspiring cannon), 284 
thung.chiatg-chün ( bronze general"), 306 
chong Pong Gin: Korea), 307 
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liang thou thung chhung (double-ended), 314 

wei yuan phao (‘long-range awe-inspiring cannon’), 
315 

chhien izu lei phao (‘thousand-ball thunder 
cannon’) [mounted], 317 

chhi hsing chhung (‘seven-stars gun’), 321 

kung jung phao (‘barbarian-attacking cannon’), 
321 

chan khou phao (‘wine-cup muzzle cannon"), 321 

wan khou phao (‘ bowl-size muzzle cannon"), 321 

wan khou chhung ( double bowl-mouthed gun’), 321 

chhé lun phao (‘cartwheel guns"), 321 (g) 

Pa mien shen wei fing hu phao (‘eight directions 
over-aweing wing-fire cannon’), 325 

chhuan shan pho ti huo lei phao (‘ boring-through- 
mountains and smashing-up-places thunder- 
fire cannon)", 325 

fei ishui cha phao (‘flying, smashing and bursting 
bomb-cannon’), 325 

chiu niu wéng (‘nine ox-jar battery’), 325 

pa mien chuan pai-tzu lien-chu phao (^ eight directions 
hundred-bullets gun’), shen yen phao (* magically 
effective smoke gun’), shen wei ta phao (‘large 
magically effective over-aweing cannon’), 
chiu shih tsuan-hsin phao (‘nine-arrow heart- 
piercing cannon’), 339 (f) 

bombs, 8, 13, 29, 38, 51, 60, 161-92, 320, 408 (h) 

Arab incendiary ‘bombs’, 42, 44 and (b) 

molten metal ‘bombs’, 93 (c), 154, 167 

gunpowder suitable for, 109-10 

Sung formulae for, 117-25 passim 

Walter de Milamete's bomb, 158 (b) 

low-nitrate incendiary bombs, 158-6: 

explosive bombs; phi ii phao]phi i -huo chhiu 
(‘thunder-clap bombs’) [with weak casings], 
163-18, 339; chen thien leijthich huo phao 
(‘thunder-crash bombs’) [with strong cas- 
ings/cast-iron shells], 163, 169—79, 329 

signal bombs (Asin phao}, 169, 331 

14th century onwards, 179-92 

bizarre delivery systems for, 213, 218 

bombs containing ' ground-rats', 474-7, 517 (a) 

winged rocket-bombs, 500-5 

transmission west, 570, 572-7 

See also grenades, smoke- bombs 

bombs, named 

huo (phap) yao (quasi-explosive bomb), 117-20 

tu yao yen chhiu (poisonous smoke bomb), 123 

fén phao kuan fa (faeces trebuchet bomb), 124 

fet kuo chhut (‘flying fire-pestle’), 161 

phi ta phao (leather), 170 

lan. ku hua yu shen. bhao (‘bone-barning and 
bruising fire-oil magic bomb’), 180 

isuan. fing. shen-huo liw-hsing phao (‘magic-fire 
meteoric bomb that goes against the wind’), 
180, 512 

ihien chui phao ("dropping from heaven bomb?), 
182 : 

chhunu fing phao C bec swarm Боп"), 183 

ia fing wo (the ‘great bee-hive' bomb), 183 (e) 

wan jen fi (the * match for ten thousand enemies’ 
bomb), 186-7 
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bombs, named (cont.) 
wan huo fei sha shen phao (‘flying-sand* bomb}, 
187 
Jêng chhen phao (* wind and dust’ bomb), 189 
‘dracon’, 267 
Jei mëng phao (fiying hidden bomb-gun), 317 
li-chih phao, 353 
hsi kua phao (‘ water-inelon bomb’), 474 
hung lei phao (‘rumbling thunder bomb’), 474 
shao tsei mi mu shen huo chhiu (‘bandit-burning, 
vision-confusing magic fire-ball’), 476 
дио chuan (‘fire-brick’)}, 477, 514 (g) 
shen huo fei ya (‘flying crow with magic fire’), 
500-2 
i wo féng (‘ wasp's nest’), 514 
Bonaparte & Favé (1), 42 (а), 61 (8), 366 (4) 
Bongars (1), 74 (b) (i) (j) 
Bonis Brothers, Account-Book of the, 51 (e) 
Boodberg (5), 415 (c) 
book paper, old, in fireworks, 139 
Boots (1), 289 (c), 310 (b), 331 (d) (f) (g) 
borax, 116, 353 
Bordeaux, 576 
bore 
occluded with wads or plugs, 236, 240, 257 
270, 486, 488 (b), 514 (с) 
importance of projectiles fitting, 275-6, 545 
uniform despite bulbous shape, 289, 315, 325 
drilled into wrought iron, 440 
Borneo, 362 (d) 
Bornet, 393 (t) 
Bosio (1), 262 (a) (b) 
Bosmans (2), 396 (a); (4), 396 (a) 
bottle/gourd/pear/vase shape of early bombards and 
hand-guns (thickening of the wal! around the 
explosion chamber), 170, 18g (a), 236, 289, 
315, 321, 325-31, 488 
bottle-guns, 325-9 
Boucher, Guillaume (engincer at the court of the 
Great Khan), 571 
Bourne, William (3), 548 
Bouton, and the internal combustion engine, 567 
Bowers (1), 262 (f) 
bowl-shape muzzle (wan kou), of cannon, 297, 302, 
314, 321, 324, зза 
Boxer (1), 431 (b): (7); 
365 (е); (12), 393 (©) 
Boxer, Edward, and the rocket applied to sea 
rescue, 506, 520 (d) 
Boxted Hall cannon, 340, fig. 120 
Boyle, Robert; 5, 15,18, 549, 572 (©) 
on gunpowder blasting. 538 
his air-purip, $55 
Brackenbury (1), 55 (c). 
Bradford (1), 261 
brass, 9, 339 (f) 
Braun, von, & Ordway (1), 486 (b), 506 (c) (е) (0), 
508 (c), 5n (с), 516 (c) (e), $18 (4), 52a (с) 
fe), 522 (a) (8) thi, 524 (65, 525 (а) (by; (23. 
492 (a) (b) (с), 505 (Ь), 506 (е), .516 (hb), 520 
(e), 522 (b), 524 (0), 525 (b) (€); 527 (b) 
Bredon & Mitrophanov (1), 137 (b) 


(a), 


апо (gj, 480 (f); (115 


57 (b), 62 
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Bredt, Clayton, 193 (c), 315 (b), 396 (а), 401 (i); 
(1) 220 (2), 339 
on the Tunhuang fire-weapon painting, 222-3 
breech-blocks, screw-in, 366 (f), 410 
breech-loading, 365 
for artillery, 366-9. See also fo-lang-chi 
for portable arms, 429; muskets, 448 
Brewer (1), 111 (b) 
bridge, mobile (hao chhiac), 277 
Brink, 78 (a); (2), 12 (a) 
Bristol, siege of, 262 
British Museum (Museum of Mankind), 251 
Brock (1), 4t (0), 42 (b), 65, 77 (d), 134 (e), 
139 (8) (h), 14: (h) (i), 143 (a) (0 (b) (D, 
144 and (c), 145 (b) (e) (£) (i), 146 (f), 227 
(c), 260 (e), 261 (b) (c), 264 (d) (e), 483 (a) 
(0), 484 (b) (j), 516 (c), 517 (e), 
(2), 65. 139 (8), 143 (8), 144 (c), 516 (h), 
518 (d) (0), 527 (а) 
Brockbank, (1), 554 (c) 
Bromehead (9), 533 (b) 
bronze, 9, 173, 339 and (f), 486 
Brown, D. M. (1), 430 (k), 469 (а) (c) 
Brown, Samuel (engineer), 565 
Browne, Thomas, Pseudodoxia Epidemica (‘Vulgar 
Errors’), 364 (a) 
' Büchse', derivation of the term, 32 (f), 577 
Büchsenmeisterei literature of Europe, 32-3 
Buckle, H. T., (1), 17 
Budapest, 572, 575 
Buddhism, ceremonies involving rockets, 529 
Budge, Wallis (2), 575 
Buedeler (1), 525 (d) 
Bulgaria, 572 
Bull (1), 105 (a) 
Bun-bang- -fei, Thai rain ceremony, 529 
Burgundians 
use of iron bomb-shells, 179; breech-loading 
artillery, 366 
Burkill (1), 8 (e), 87 (d), 123 (c) 
Burma, 75, 76, 529, 533 
Burstall (1), 565 (g) 
Burtt (1), 276 (c), 329 (b), 578 (b) 
bussen met kruyt, authenticity of this +1313 refer- 
ence, 578 (d) 
Butler, Glidewell & Needham (1), 96 (a) 
Butler & Needham (1), 77 (f), 92 (e) 
Byron (1), 79 (b) 
Byzantium, 17, 
577 (В) 
possible origin of ‘Roman Candies’, 42 (b), 144 
its invention, use and transmission of ‘Greek 
Fire’. (distilled petrol), 7, 77-9; later use. 
263 (a) 

Chinese names for, 442 

See also Constantinople, pumps (siphón), Ram 


107 (d), 1279 (6), 464 (8) 575 


Cable & French (т), 224 
Cadorna (1), 523 

Cahen (1), 39 (0, 42 (d), 273 (с) 
Caillot (13, 139, 144, 398 (b) 
Cairo. Sez Еш 


527 (а); " 
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Callinicus (architect-engineer, 4- 7th century) 
and distilled petroleum, 7, 77 
mentioned by Isaac Vossius, 55 
calomel, to colour smoke, 145, 344 
Calten, J. N., Leiddraad bij het Onderrigt in de Zee- 
artillerie. . ., 58 


calthrops, 120, 161, 167, 183, 325, 474, 475, 476-7, 


502 
Cambodia, 528 (f), 531 (a) 
Camden, William (antiquary), 52-3 
Camoens, Luis de, Lusiados, 52 (е) 
camphor, 41, 51 (b), 262, 343-4 table 2, 353 
in ‘salpractica’, 535 (c) 
Campi, Bartolomeo, and the use of gunpowder for 
blasting, 535 (b) 
Cange, du, 57 
* *canister-shot', 275 
cannon, 21, 25 (a), 37, 60, 61, 62, 63, 172, 179, 
276 (c), 577 
Arab knowledge of, 44 and (a) 
not cannon; fei huo chhiang at Khaiféng, 172; Ho 
Méng-Chhun's thunder-crash weapons, 179; 
hui-hui-phao, 277 
manufacture of cast-iron cannon, 315 (b), 339- 
41, 412 
gunpowder for, 351, 354 
later development of cannon under Western 
influence, 365-414 passim. See also fo-lang-chi 
Turkish, 443 
as ancestor of the steam-engine, 544-6 
steam cannon, 554 
See also bombards, fo-lang-chi (culverins) 
cannon, named 
wu ti ta chiang-chün (‘great invincible general")/ta 
chiang-chün chhung (‘great general gun’), 335-7; 
improved, 378; as chhien tzu chhung (‘thousand 
bullets cannon’), 335 (d) 
chan khou chiang-chün phao (‘wine-cup muzzle 
general cannons’), 339 
lien chu phao (‘continuous bullet cannons’), 339, 
354 
breech-loaders: 
fei shan shen phao (‘flying over the mountains 
magically [effective] gun"), 376 
sai kung chhung (‘cannon rivalling gun’), 378 
thung fa kung (‘bronze outburst cannon’), 378 
chhien hsi chhung (*lead-and-tin gun’), 380 
hung i phao (‘red [-haired] barbarian gun’)/ta 
chiang-chiin (‘ great general’) [European], 392 
tzu mu phao (‘mother-and-son’ cannon)/ Wei Yuan 
Chiang Chin (‘Awe-inspiring Far-reaching 
General’) [shell-firing], 409, 411 
See also fo-lang-chi 
cannon-balls, 306, 412 
cantharides (pan mao), 336 
in gunpowder mixtures, 125, 180 (g) 
Canton, 92 (b), 189, 208, 373, 574 (с) 
capitalism, 10, 365, 390 
carbon 
proportions in gunpowder compositions, 342-58 
passim 
See also charcoal, gunpowder (formulae for) 
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carbonaceous material, 1, 9 
early use with sulphur and saltpetre, 111-17 
See also gunpowder (formulae for) 
Cardwell (1), 257-8, 275, 380 (а), 384, 556 
Carey, William (1), 529 
Caron & Schouten (1), 466 
‘carpenter’s bench trestle’, mounting for field 
artillery, 401, 404 fig. 155, 406 fig. 157 
Carpini. See John of Plano Carpini 
carton 
for bomb casings, 143; for phi li phao, 163; for 
signal bombs, 169 
for barrels, 220; of fire-lances, 228; proto-guns, 
488 (h) 
for rocket-arrow tubes, 483 
for cartridges, 537, 542 
cartridge 
invention of, 367 
for blasting, 537, 542 
lime cartridges, 537 (е) 
* case-shot', 274-5 
Casiri (1), 47 (c) 
Castellano & Campbell-Thompson, 25 (b) 
Castiglioni (1), 554 (c) 
Castle Rising, Norfolk, guns from, 339 (e) 
castles, 16, 390 
catapults, 66 
See also arcuballista, trebuchets 
Catholicos of all the Nestorian Churches, 576 
catty, the Ming weight, 315 (a) 
Cellini, Benvenuto (+1500 to +71), 528 
Central Asia, 61 
as intermediary between Ottoman Turks and 
China, 10, 443, 444 (2) 
Chabot (1), 576 (b) (c) 
Chagatai (Mongol ruler of Turkestan), 574 
chain-shot, 274 
chamber/culasse, of a breech-loader, 365, 366 
fig. 129 
Chinese names for; chhung, 373 and (g); tzu 
chhung, 378; tzu phao, 419 
spares, 401 (k), 448, 455 
‘screw’ chamber, 410 
applied to portable guns, 429 
Chambers (1), 571 (a), 573 (e) 
Champa (South Vietnam), ‘fierce fire-oil’ (méng 
huo yu) from, 86, 362 (d) 
chang, use of the term, 130 (g) 
Chang (Chang hsien), an Immortal, 532 
Chang Chou-Hsün (1), 277 (2) 
Chang Chung (augur, + 14th century), 210 
Chang Fu (Ming general), 61, 240, 313 
Chang Héng (c. + 125), 521 (a), 523 
Chang Hsien, Yü Ssu Chi (Jade Box Collection), 153, 


295 
Fu Yang Hsing (On Soldierly Proceedings at Fu- 
yang), 228-9 
Thieh Phao Hsing (The Iron Cannon Affair), 270 
Chang Hsien-Chung (tyrant of Szechuan), 407, 409 
Chang Hua (author of Pe Wu Chik), 75 
Chang Hung-Chao (1), 96 (b), 97 (c), 101 (d), 
161 (c); (3), 8a (d) 
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Chang Shih-Chhéng (founder of the Ta Chou 
* dynasty"), 30, 295-6, 304, 306, 339 

Chang Shun and Chang Kuei, and the relief ‘of 
Hsiang-yang, 174-5 

Chang Thien-Tsé (1), 369 (e), 372 (в), 373 (c) 

Chang To (inventor of improved fire-arms), 407 

Chang Tzu-Yzh Tzhu Ри I (Remaining Additional 
Poetical Works of Chang Tzu-Yeh), 137 and (c) 

Chang Wei-Hua (1), 372 (h) 

Chang Yün-Ming (1), 126 

‘changing the fire’ (kuan huo, huan huo), x 

Chao Chung Lu (Book of Examples of Illustrious 
Loyalty), 175 (b) 

Chao Hsieh (Sung commander), 156 

Chao Hsing-Lu (Deputy Judge and grandfather of 
Chao Shih-Chén), 441 

Chao Hsüeh-Min, Pén Tshao Kang Mu Shih I, 76, 
88, 118 (e) 

See also Huo Hsi Lüch 
Chao Hua Hsien Chih (Gazetteer of Chao-hua), 


534 (i) 

Chao Hun (Calling back the Soul), poem, probably 
by Ching Chhai, 531 (f) 

Chao I. See Kai Yü Tshung Khao 

Chao Khua (military commander, — 3rd century), 


31 
Chao Khuei (Chao Nan-Chung) (prime minister, 
d. +1266), 209 
Chao Shih-Chén 
Shen Chhi Phu (Treatise on Magically (Efficacious) 
Weapons), 27, 34, 37, 351; on the Asin lei 
chhung (‘rapid thunder gun’), 421; on muskets, 


440-55 
Shen Chhi Phu Huo Wên (Miscellaneous Questions 
and Answers arising out of the Treatise on 
Guns), 34 (e), 254 
Chhé Chhung Thu (Illustrated Account of Muskets, 
Field Artillery and Mobile Shields), 243, 
254 (2), 419-21 
Chao Shun (general defending Té-an), 23, 168 
Chao Thieh-Han (1), 118 (a), 120 (b) 
Chao Wan-Nien. See Hsiang-yang Shou Chhéng Lu 
Chao Yü-Jung. See Hsin-ssu САМ Chhi Lu 
charcoal, 40, 48, 73, 111, 115, 141, 228, 354 (g) 
powdered, in incendiary warfare, 66 
not present in *proto-gunpowder , 108 
proportions present in gunpowder compositions, 
109-10; in the Sung formulae, 122-4; in a 
17th-century formula, 345: 16th century, 358 
*white' charcoal in a recipe for a slow-burning 
material, 203 
bulk purchase of, 354 
choice of wood for, 358 (c), 361 and (e); in 
Europe, 361 (e) 
traditional theory concerning the nature of, 
360-4 passim 
See also carbon 
Chavannes (2), 166 (f); (22), 62 
Chekiang, 169 
Liu Chi's campaigns in, 183 (e), 232, 514 
pirate raids on, 429, 441 
capture of muskets in, 431 
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chemical warfare, 117, 123 ff, 180-92, 343-4, 
361 fT., 489 
as used in fire-lances, 232-40, 247-8 
as used in eruptors, 267-70 
as fired by small hand-guns, 317 
as bombs in mini-rockets, 474-6 
tiger poison in winged rocket-bomb, 502 
pre-history of, 353 
See also gunpowder formulae, poisons, smoke- 
bombs 
Chen Chi (Recollections of Battle Arrays) by Ho 
Liang-Chhen, 34, 37 
Chen-La Féng Thu Chi (Description of Cambodia) by 
Chou Ta-Kuan, 531 (a) 
chen thien lei (‘thunder-crash bombs’), 60, 61 
See also under bombs 
Chen Yuan Miao Tao Yao Liieh (Classified Essentials 
of the Mysterious Tao of the True Origins of 
Things), 97, 98 
a proto-gunpowder mixture in, 111-12 
Chéng Chen-To (1), 412 (e) 
Chéng Chia (Jurchen Chin admiral), 60 (c), 157 
Chéng Fan (a general of Wu), 85 
Chéng Ho (+ 15th-century admiral), 296 (g), 464 
Chéng Jo-Tséng 
Chhou Hai Thu Phien (Illustrated Seaboard 
Strategy and Tactics), 33, 36, 229 (c), 232 (f); 
on the fo-lang-chi breech-loader, 373, 374 
fig. 135, 375 fig. 136; on the thung fa kung 
cannon, 378-80, 383 fig. 142; chien hsi chhung, 
380, 384 figs. 1434, b; on the acquisition of 
muskets from the Portuguese, 431; on the bird- 
beak gun, 432—7, including figs. 168-71 
Chiang-nan Ching Lüch (Military Strategies in 
Chiang-nan), 33, 36; on the early knowledge 
of match-lock muskets, 431-2 
Chéng Shao-Tsung (1), 412 (е) 
Chéng Ssu-Yuan (Chéng Yin) (alchemist, +220 to 
+ 300), 112 and (g) 
Chéng Té-Khun (18, 19), 411 (g) 
Chéng Wei (1), 545 
Cheronis (1), 79 (b) 
chess, and the piece called phao, 276 (e) 
Chhang Yü-Chhun, 31 (a) (b) 
Chhangsha, tomb figures from, 17 (a) 
Chhao Yeh Chhien Yen (Narratives of Court and 
Country) by Hsia Shao-Tséng, 148 (h), 154 
Chhé Chhung Thu. See Chao Shih-Chén 
Chhen Chéng-Hisiang (2), 531 (a) 
Chhen Chhi-Thien (1), 364 (d) (е), 411 (h) 
Chhen Chhia (Ming general), 240 
Chhen Chieh-Phing (Ching Ki-Pimm) (Admiral of 
Fukien, + 19th century), 364 
Chhen Chiu-Chou (army commander), 441 (е) 
Chhen Ho-Lin (1), 25 (a) 
Chhen Hsi-Hsien (Viceroy), 373 
Chhen Hsin-Chia (Minister of War), 393 
Chhen Jung (1), 508 (i) 
Chhen Kuei (defender of Té-an), 22, See also Shou 
Chhéng Lu 
Chhen Lin (artillery general), 407 
Chhen Mu, and early gunpowder blasting, 543 
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Chhen Thing-Yuan and Li Chen (7), 65 
Chhen-tshang, the attack on, 147 
Chhen Tshé (Ming commander), 421 (c) 
Chhen Wén-Shih (1), 57, 398 (D 
Chhen Yin (Regional Commander, late 16th 
century), 441 
Chhen Yu-Liang (provincial military ruler, + 14th 
century), 30, 31 (c), 306 
Chhen Yuan (3), 573 (£); (1), 573 (0) 
Chhéng Chai Chi (Collected Writings of (Yang) 
Chhéng-Chai) by Yang Wan-Li, 166 (g) 
Chhéng Hsüeh-Chhi (arms dealer), 466 
Chhéng Tsu (Yung-Lo emperor, r. 
+ 1424), 310, 311, 431 
Chhéng Tung (1), 27 (b) 
Chhéngtu, the battle around, 307 
chhi and thunder, 363 
Chhi Chi-Kuang (general, +1528 to + 1587), 254 
finds an ancient fo-lang-chi cannon and muskets, 
431 
on the manufacture of musket barrels, 438-40 
Lien Ping Shih Chih (Treatise on Military Train- 
ing), 22, 34, 36, 313, 335, 432 (c), 438 (b), 
477 (с), 483 (e); on the breech-loader, 376-8; 
his ‘battle-carts’ and laager, 415, 416 fig. 159; 
on the acquisition of the match-lock musket, 


+1403 to 


429 

Chi Hsiao Hsin Shu (New Treatise on Military and 
Naval Efficiency), 34, 36, 230, 432, 437 (b), 
438 (b), 477 (c), 480 (1), 483 (e); gunpowder 
formula. from, 351; on gunpowder-making, 
358-9: on the magazine musket, 410 (h) 

Wu Pei Hsin Shu (New Book on Armament 
Technology), 34 

Chhi-chou, siege of, 169-170, 329 

huo thung amongst the stores, 172 

Chhi Hsiu Lei Kao (Seven Compilations of Classified 
Manuscripts) by Lang Ying, 429 (е) 

Chhi-tan Kuo Chik (Memoir of the Liao (Chhi-Tan 
Tartar) Kingdom) by Yeh Lung-Li, 81 (a) 
Chhi Tung Yeh Yü (Rustic Talks in Eastern Chhi) by 

Chou Mi, 135-6; 175 (а) 

Chhi-Wu-Wén (Mongol traveller in the west), 
575 (à) 

chhiang 

hue chhiang, 22 (c), 231, 
lances 

шад chhiang, 26 (c) 

huo lung снапа» 51-2 

thu kuo chhiang, 60, 62, 227 

crystals, 105 and (d) 

used. with the metal radical, 105 (d), 227 

jet huo chhiang, 121-2, 225 

huo chhiang thu ju, 226 - 

thu hua chhiang, 230-2 

yen chitang, 234. 

chhiang]thunglchhung, 248 

muskets with longer barrels, 432 : 

Chhien- Hung hia -Kéng: СА Рао ОМС (Com- 
plete Compendium on the Perfect Treasure of 
Lead, Mercury; Wood and Metal) compiled by 
Chao Nai-An, 116 
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222, 


243. See also fire- 
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Chhien Liu and Chhien Yuan-Kuan, and fire-ships 
(+ 10th century), 166 (f) 

Chhien-thang River, naval exercises on, 132, 511 

Chhien- Thang 1 Shih (Memorabilia of Hangchow and 
the Chhien-thang River) by Liu I-Chhing, 
169 (b) 

Chhien Yuan-Kuan (ruler of Wu-Yiieh), 81 

Chhihchan Ho-Hsi (Chih defender of Khaiféng, 
+1232), 171 

Chhin dynasty, 70 

Chhin-ling Shan road, 534 (f) 

Chhing dynasty 

use of rockets, 13 

prohibited books, 32, 35 

military writings, 37-8 

persistence of weak and strong cased bombs, 189 
‘drafting’ of Verbiest, 395 

See also Manchus 

Chhing Hsiang Tsa Chi (Miscellaneous Record on 
Green Bamboo Tallets) by Wu Chhu-Hou, 
85-6 

Chhing Shih Kao (Draft History of the Chhing 
Dynasty), 408 (i) 
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Chhuan Thang Shih (poem by Su Wei-Tao), 137 
and (d) 

Chhüanchow, Arab merchants in, 574 (c) 

chhung (true gun or cannon), use of the term 
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Chin Thang Chieh Chu Shih-Erh Chhou (Twelve 
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155 fig. 15 
fire-balls. See kuo chhiu 
‘fre-birds’ (birds carrying incendiaries’, 41, 66, 
170, 502, 568 (К) 
huo chhin and chhiao hsing, 211 
fei huo ya, 229 
fire-breathing dragons, 78 (a), 572 (f) 
fire-brick, 478 
* Fire«clubbs^, 143 
fire-crackers/Chinese crackers, 128- 39 passin: 
and Ma Chiün, 59 
gunpowder fire-crackers (fae chang), 113 and (b), 
130-4, 138-9 
bamboo fire-crackers ( pao chu, pao kan), 128-31,133 
to salute eclipses, 532 
See also Bacon, Roger 
* Fire-Drake Manual". See Hus Lung Ching 
fre-lances (Ано chhieng, hao hung, chhung), 21 (aj. 
22 (c), 23, 26 (c), 40, 42, 45 (а), 46, 60,62, 109, 
175, 295, 348, 354, 355, 473. 570, 574 


under Chinese bureaucratic 
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origin, use and development of, 8-9, 220-63 
fei huo chhiang at Khaiféng, + 1232, 171-2, 225, 
472 (9) 
changing terminology of, 221—2 
mobile racks for, 252-4 
Annam and, 310—13 
mobile shields for, 414-15 
combined rockets and, 484 
differentiating fire-lances, proto-guns and rocket 
launchers, 486-8 
See also eruptors 
fire-lances and -tubes, named 
thu huo chhiang (‘ fire-spurting lance’), 60, 62, 227, 
230 
li hua chhiang (pear-flower spear), 229-30, 243, 
25 
man dioi phèn thung ('sky-filling spurting-tube’), 
232 
man thien yen phén thung, fei thien phén thung, 232 
iu lung phén huo shen thung (' poison-dragon magic- 
ally efficient fire-spurting tube’), 234 
fei khung sha thing (empyrean-soaring sand- 
tube’), 234 
tsuan hsüeh fei sha shen wu thung (‘orifices-pene- 
trating flying-sand magic-mist tube’), 234 
chi tshé pien chhung ('bandit-striking penetrating 
gun), 235-6 
chhung chen huo hu-lu (‘ phalanx-charging fire- 
gourd’), 236, 333 
shen wei lich huo yeh-chha chhung (‘awe-inspiring 
fierce-fire yaksha gun’), 240 
i ра lien (‘lotus bunch’), 243 
Као chhu san yen chhiang (‘the three-cyed lance of 
the beginning of the dynasty’), 243 
san shen tang (‘the miraculous triple resister’), 243 
i hu chhung (‘winged tiger gun’), 243, 247 
chhien tan i wo féng (‘ wasp's-nest of lead pellets’), 
247 
tao та huo shé shen kun (^ horse-felling fire-serpent 
magically-efficient cudgel’), 247 
iei huo pien (‘thunder-fire whip’), 247 
tang thien mieh khou Yin Yang chhan (‘ vast-as- 
heaven enemy exterminating Yin-Yang sho- 
vel’), 248 
kuó chhung (' mattock gun’), 248 
combined gun and fire-lance; fei thten tu dung shen 
huo chhiang, 248; shen chi wan shéng huo lung tao, 
251: chia pa chhung, 251 (a) 
san thung thieh huo yao chhiang, 314 
fire-pots 
gunpowder (Arab), 4a 
naphtha (Arab), 44, 74; in south-east Asia, 37; 
(Mongol), 573 
in the ancient west and India, 85-9 passim 
kuan, 93 (c), 168, age (c) 
‘stink ‘pots’ (19th century), 189-92 
pots of wildfire, 261 
'fice-power and mobility’, 572 (d) 
fire-rollers, wind-arid-thunder (feng fei Ацо kun}, 218 
fire-setting, 533-4, 538-41; or blasting, 54174 
fire-ships, 67, 70, 166 (f) 
‘fire-soldier’ (hue ping}, 213 
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fire-tubes (huo kuan), 554 
fire-tubes (uo thung). See under huo thung 
fireworks, 59, 131-46 passim, 261, 514-16, 516, 517, 
529 
Arab, 41 (e) 
yen huo, hua phao, huo hsi, 131 and (b) 
See also ‘ ground-rats', ‘meteors’, Roman candles 
Firiger (1), 527 (c) 
firing and timing devices for mines, 196-208 
firingiha|farangi (cannon), 372 (h) 
Firishta (historian, d. c. + 1611), 69 
Fischer-Wierzuszowski (1), 178 (a) 
Fischler (1), 547, 551 (b), 552 (c) 
fish, nine-tailed (chiu wei уй), 362, 363 
Five Dynasties, 7 
Five Tiger Generals of the Shu Kingdom, 29 (a) 
flame-throwers (using Greek Fire), Byzantine, 
77-9; Chinese, 81-6, 88-90, 92 
See also fire-lances, fire-tubes 
Flammarion (1), 523 (f) 
* Flammenwerfer', 78 (i) 
flint and steel firing devices, 199-203, 205, 466 
wheel-lock and flint-lock, 428. See also under 
muskets 
flux 
potassium nitrate as a, 96 
* black'/' deflagrating', 96 (a) 
‘flying fire’. See fei huo, ignis volatilis 
‘flying-fire spears’ or ‘flying fire-spears’, 225 . 
fo-lang-chi (Portuguese breech-loading cannon, 
copied in China) (‘Frankish culverin’), 10, 27, 
36, 314, 410 (b), 418, 431 
use of the term ‘culverin’, 367-8 
acquisition from the West, 369-76; subsequent 
development, 376 ff. 
derivation of the Chinese name, 372 
fog dispersal, 528 (a) 
fog-signal, railway, 544 
fogs, artificial, 125, 166 (f) 
Foley & Perry (1), 49 (b), 358, 346 (d) 
Fontana, Giovanni da, 33, 516 
Foote & Knight (1), 528 (a) 
Forbes (4a) (45), 77 (1); (7), 466 (g); (8), 359 (0; 
(20), 80 (b); (ат), 73 (а), 77 (d) 
Fordham (1), 64 (h) 
Forke (4), 523 (i); (9), 25 (a) 
Forsyth, Alexander (inventor of the fulminate per- 
cussion-cap), 367 (a), 465 
Fort Halsted experiments with gunpowder, 354-8 
Foster (1), 578 (e) 
The Four Riders of the Apocalypse (Catalan version, 
+ 1086), 465 (b) 
fowling pieces, 411, 432, 437 (h) 
France 
death of the castle in, 16 
first payload carrying rockets, 506 (b) 
anti-hail measures in, 528 
use of gunpowder for blasting the Languedoc 
Canal, 536 
Franke, Herbert (20), 571 (€), 575 (а); (23), 
306 (d) (е); (24), 19 (a), 22 (£), 23 (9), 210 (с) 
225 (c); (25), 23 (c); (26), 571 


Franke, O. (1), 294 (f) 

Franke, W. (4), 33 (К), 34 (f) (i) 

Frankel (1), 47 (e) 

Franks/Farangi, 372 

Fratte e Montalbano, delle (1), 535 (b) 

Frézier, François (pyrotechnist, + 18th. century), 


. 495» 506 
friars, Franciscan, at the Mongol court, 49, 570-1, 


575 
Friede, Xavier Ehrenert (Fei Yin) (Jesuit, + 1673 
to +1743), 127 (c) 
Froissart (chronicler), 55 
Fróm (Byzantium), 442 
Fronsperger (1), 548 (b) 
frontiers 
mines at, 193 
artillery for, 313-14, 321 (е) 
Frost (1), 78 (h) 
Fu Hung Thu (Illustrated Manual on the Subduing 
of Mercury) by Shéng Hsüan Tzu, 98 
fit huo (‘subduing by fire’), 99, 115, 116 
Fu-Lin, 442. See also Byzantium 
Fu Ssu-Nien, 63 (d) 
Fuchs (7), 578 (j) 
„Рив веет bussen (breech-loader), 366 (d) 
Fujikawa Yu (1), 391 (8) 
Fukien, 31, 341, 372, 429, 43! 
Fukien Thung Chih by Chhen Shou-Chhi, 372 (е) 
Fullmer (1), 80 (a) 
fulminate, mercuric, 364 (e), 367 (a) 
fulminate, silver, 110 (a), 342 (a), 364 (e). See also 
detonator caps 
‘fulminating powder’, 56 (f) 
fumigation (Asün), 1-2 
fundoshi, 470 
furnace, mobile, for molten iron projectiles, 93 (c) 
Furtenbach (1) (2), 517 
Furtenberg, 552; (2), 548 (b), 552 
fuses, 42, 123 (с), 133 (8), 149, 267, 535 (b), 537 
Fustát (Cairo), 44 (b), 74 


Gaea, 78 (a) 
Gait (1), 311 (h) 
Galdan (the Bushktu Khan of the Sungars), 409 
Galileo, 399, 413, 555 
Gallec, le (1), 565 (g) 
galley, Mediterranean war, death of, 16 
Galloway (1), 556 (f) (g), 558 (b) (c) (f), 562 (e), 
565 (b) (c) (e) 
Ganges valley saltpetre, 95 
Ganswindt, Hans (rocket engineer), 522 (i) 
Garlan (1), 66 (a) 
Garrison (3), 554 (b) (c) 
gas-engines, 566 
Gasser (1), 52 (g) 
Gaubil, 25 (b); (12), 59, 172 (b) 
Gaya, de (1), 53, 348 (c) 
Geil (3), 61 
gelatin, blasting, 537 (e) 
Genoa 
rockets in use, 516 
connections with Tabriz, 577 


peus 
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Genseric, king of the Vandals, 74 
Gerard of Cremona, 575 (b) 
Gerini (1), 88 (c) 
Gerland & "Traumüller (1), 555 (e), 
558 (b) (c) 
Germany, blasting in, 535-6 
See also Berthold Schwartz 
Сһағап (Ilkhàn of Persia, fl. + 1290), 572 (e) 
Ghisolfi, Buscarello (ambassador to the Ilkhàn), 


556 (g), 
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Gibb, Hugh, studies of rain-making ceremonies 
with rockets in South-east Asia, 528, 530 

Gibbs-Smith (10), 509 (f), 518 (d), 521 (b) 

Gibraltar, siege of, 411 (f) 

Gibson (2), 16 (c) 

Gibson-Hill (1), 365 (e) 

Gilbert, Frangois, and cast-iron moulds, 412 

Giles, H. A. (1), 61, 311; (11), 69 (f), 70 (c) 

Gille (14), 359 (i) 

Gille & Burty (1), 565 (g) 

gingall, use of the term, 257 (c) 

ginko leaves, 180 (h), 187 (g) 

Giyesu, Prince (Chieh-Shu) (Manchu commander), 
408 

glaciogenesis, 527 

Gluckman (1), 467 (h) 

glue, used in saltpetre purification, 104-5, 364 

Goddard, Robert H. (pioneer of space rocket motor 
engineering), 522, 524 

Gode (6), 518 (c); (7), 517 and (h) (i), 529 (n) 

Gohlke (1), 57 (f), 62; (3), 44 (b) 

Golas (1), 543 

‘Golden Horde’, 574 

goliaigorod (movable city), 421 (a) 

Goodrich, 64; (23), 394 (d); (24), 295 (e), 296 
(e) (£); (26), 573 (f) 

Goodrich & Fang Chao-Ying (1), 30 (f) (i), 
304 (a), 306 (c), 372 (c), 408 (a), 440 (c) 
Goodrich & Féng Chia-Sheng (1), 21 (f), 63, 

172 (2), 174 (с), 175 (b), 178 (a), 210 (b), 
292 (h), 295 (d), 306 (j), 511 (b), 514 (1), 573 
Gothic Wars, incendiaries used in the, 67 
gourds 
as weapon casings, 148, 330 
bottle-gourd, 329 (e) 
See also bottle/gourd shaped weapons 
government regulation of gunpowder and guns 
Gunpowder Department and Armoury estab- 
lished (Ming), 31 
seasonal prohibition on saltpetre purification, 97 
attempts at a monopoly in gunpowder (Northern 
Sung), 126 
attempts to centralise gun production under the 
Ministry of Works (Ming), 314 
fire-arm control under the Commissioner of 
Guns (Tokugawa Japan), 469 
See also arsenals (Arsenals Administration) 
Graecus, Marcus. See Liber Ignium ad Comburendos 
Hostes 
Gram (1), 57 (©) 
Grand Treasure Fleets, +1405 to +1433, 296 (р) 
Granet (1), 531 (f) 
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Grant (2), 554 (f) 
*grape-shot', 275, 321 
Gray (1), 358 (c) 
Gray, Marsh & McLaren (1), 361 (e) 
Greek Fire (preparation of distilled petroleum), 3, 
43, 48, 55, 263 (a), 362 (d), 414 (с), 544, 547 
its nature, 61, 76-7 
its invention, transmission and use, 77-94 
See also méng huo yu 
Greeks, use of incendiary devices, 65-6, 73; trigger- 
mechanism, 465 
Greener (1), 61, 62 (a) 
grenades, 8, 29, 77, 161, 179 
shou phao, 170, 221 
chen thien lei (thundercrash bomb or grenade), 170 
‘pots of wildfire’, 261-2 
hsiao fei phao, 339 
fei khung chi tsei chen-thien-lei phao, a rocket- 
grenade, 502 
Griffith (1), 69 (f) 
Groot, de (2), 129 (b), 130 (b) (е), 138 (c) (9), 
532 (a) 
Grosier (1), 25 (b), 225 (c), 532 (с), 561 (a) 
‘ground-rats’/‘earth-rats’ (ti lao shu) [fire-work and 
scaring device], 13, 134-5, 141, 512, 514 (g), 
517 (a) 
origin of the rocket, 472 
in military use, 473-7 
Grousset (1), 89 (a) 
Guericke, Otto von, experiments of, 555 
Guerlac (1, 2), 102 (b) 
Guilmartin (1), 16 (c) 
Guiscard of Cremona (Dominican, + 13th century), 
49, 575 (b) 
Gujerat, 443 
gun foundries 
at the Nei Fu palace, 341 
Jesuit, 393-8 
Japanese licensed gunsmith centres, 469 
‘gunne’, word used for projectile, 578 (b) 
gunpowder-chamber with thickened metal walls, 
289 
gunpowder, Chinese theories concerning, 360-4 
gunpowder-engines. See engines, heat and gun- 
powder- 
gunpowder, first compounding of, 7, 111-12 
gunpowder, formulae for, 8, 34, 180 (g-j), 187 (c), 
267 (a) 
from the Liber Ignium, 40 
Arab, from al-Rammah, 41; from the Rzevuski 
MS, 43 
supposed formula of Roger Bacon, 49-50 
in early European treatises on military techno- 
logy, 50-1; in Biringuccio, 260 
a typical deflagration formula, 109 (c); pro- 
portions necessary for detonation, 110 
Sung, 117-25 
for a grenade (17th century), 161 (f); fire-lance, 
228, 232, 254 
early Chinese, 242-7; later, 351-4 
Arab and European, 347-51 
experiments with varying formulae, 354-8 
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gunpowder, formulae for (cont.) 
possibly for a rocket, 483-4 
for blasting, 543 
See also gunpowders 
gunpowder, manufacture of, 358-60, 364-5 
gunpowder, peaceful uses of, 525-68 
gunpowder, proto- 
defined, 108, 109 (b), 110 (c) 
experiments leading to, 111-17 
Sung formula for, 120 
gunpowder, social and military effects of, 16-18 
gunpowder, tests for 
paper and palm, 359, 360, 548 
mechanical triers, 547-52 
gunpowder weapons, five stages of, 147 
gunpowders 
‘poison’ (iu huo), 180, 183, 187, 192, 218, 247, 
248, 267, 317, 361 (n), 414 
‘flying’ (fei huo), 180, 267, 270 
‘blinding’ (fa huo), 180, 267, 415; (fa yao), 240, 
264, 267 
‘blinding and burning’ ( fa шо) 192 
‘bruising and burning’ (lan huo), 180, 267, 415 
‘magic’ (shen huo), 187, 192, 247, 264. 361 (8), 


414 

‘violent’ (lieh huo), 267 

*smoke-screen? (shen yen), 267 

‘spurting’ (phén huo), 267 

‘rising’ (chhi huo), 477, 500 (а) 

‘flying’ ( fei-Auo yao), 483 

* wind-opposing (ni féng huo yao), 483 

“flying in the air’ ( fei kkun huo yao), 483 

‘day-rising’ (jih chhi huo yao), 483 

‘night-rising’ (yeh chhi huo yao), 483 

guns, proto- 

distinguishing between trueguns and, 9-10, 486—7 

huo thung as, 170; fire-lances or proto-guns, 
239-42; evolution almost complete, 247-8 

combined gun and fire-lance devices, 248-51 

persistence of the bamboo-barrelled proto-gun. 
251 | 

guns, ргобо-, named 

tan fei shen huo chien (‘single-flight magic fire- 
arrow’), 236 (g), 240, 488 (b) 

shen chang chien (‘magical [fire-] lance arrow’), 
240, 311732; 488 (5 

chu hug chhiang (bamboo 'gun*), 251 

uu ti chu chidtig-chün (invincible bamboo general’), 


254 

tu yen: shen, chining (* one-eyed: magically-efficient 
gun’), agy | 

san-chih hu уйей ( triple tiger halberd’), 488 

chi thung chien (sevenfold tube arrow’), 488 

chiz lung chien. ( hine dragon-arrows'), 488 

pei shih hu chin ((hundred-aimed bow-like 
arrow-shooter’)}, 488 ` 

dus nu liu hsing chien (firé-crossbow meteoric 
arrow [-shooter] ). 314 

guns, ‘true’ 

defined, 10 

appearance of, 10, 225, 248; origin impossible to 
pin-point, 299-304. 
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Arab, 43-4 
huo thung possibly a ‘true’ gun, 170, 221-2 
Gusmão, Bartholomeu Lourenço de (Jesuit), 
521 (а) 


Haas, Konrad, Sibiu MS. of, 486 (b), 508 
Hachiman Gudakun (Tales of the God of War told to 
the Simple), 178, 295 
Hafiz-i Abra, Zubdatu’t Tawdrikh, 514 (J) 
Hagerty (2), 274 (d) 
Hahn, Hintze & Treumann (1), 348 (a), 351 (a), 
552 (d) 
Hai Chhiu Fu (Rhapsodic Ode on the Sea-eel 
Paddle-wheel Warships) by Yang Wan-Li, 166 
Hai Fang Tsung Lun (A General Discourse on 
Coastal Defence) by Chou Hung-Tsu, 36 (a) 
Hai Kuo Thu Chih (Illustrated Record of the 
Maritime Nations), 466 (i) 
Haidar Ali, Raja of Mysore, 517 
Haimo of Auxerre, Book of Ezekiel, 465 (b) 
hair, in gunpowder mixtures, 362 
Hakata, in Kyushu, Japan, Mongol landing at, 178 
Hakozaki Shrine, Chinese gun preserved in, 398 (a) 
Halde, du (1), 398 (c) 
Hale, William (1), 520 
Hall (1), 390 (с) (d) (€); (2), 421 (a) 
Hall's pulsometer pump, 564 (€) 
Hami, 234, 440 
Han Chih-Ho (+ 890), 521 (а) 
Han dynasty, 25 (b), 27, 28, 29 
fire in battle, 70 
piston syringe, 84 
conditions necessary for discovering gunpowder 
present, 108 
fire-crackers, 128; coloured smokes, 146 
poison-gas, 167 
malleable cast iron, 315 (b) 
water-powered trip hammer, 359 
theories of thunder, 363 
miobilé watch towers, 415 
cross-bows, 465 
fire-setting, 539 
уво lu, yuloh scull, 558 
Han Kuo-Chün (1), 296 (е) 
Han Lin-Erh (provincial ruler + 14th century), 
зо and (b) (f) 
Han Shih:Chung (naval commander), 155-6 
Han-Ying, and the structure of ice-crystals 
(e, — 135), 527 (8) 
hand-guns (pre-matchlock), 276-341 passim 
term defined, 10, 276 (b) 
early Arab, 44; possibly used in the battles 
between Mamliiks and Mongols, 45 (a); at the 
siege of Byzantium, 445 (а) 
chhung (hand-gun), 276, 294, 304; parallel use 
with phao, 284, 317 
referred to as huo phao, 294, 307; thich pháo, 295; 
hina: thang, 295, 304, 306, 307; Seppe, 295; hue 
chiming, 305, 307; chhung «hou, 306; thieh chung, 
3073 shen chhung, 3133 show pa chhung, 339 
a 13th-century specimen, 294 
distinction between bombards and, 292 (а) 





INDEX 


hand-guns (pre-matchlock (coni.) 
with serpentine attachment, 425, 455-65; multi- 
barrelled, 455-9 
Hakenbüchse and variants, 426 
Chinese hand-guns in Japan, 430 
transmission to the west, 570, 577-8 
hand-guns, named 
Asün lei phao (‘swift thunder’), 317 
Jei méng phao (‘flying hidden-bomb gun’), 317 
ta chui féng chhiang (‘large blowing-away-the- 
enemy lance-gun?) or chih huo-shéng chhiang 
(‘match-holding lance-gun’), 455 
san chieh shen chi (‘triple-victory magically- 
effective contraption’), 455-9 
wu lei shen chi (‘five thunder-claps magically 
effective contraption’), 459 
chhi hsing chhung (‘seven stars gun’), 459 
izu mu pai tan chhung (‘sons-and-mothers hundred- 
bullets gun’), 459 
chien chhiang (‘sword lance-gun’), 459 (а) 
wu phai chhiang (‘row-of-five lance-gun’), 459 (с) 
Hangchow, fireworks used at the festivals on West 
Lake at, 13, 132, 511-12 
Hansjakob (1), 5t (g) 
Hao Chao, defender of Chhen-tshang, 147 
Haochow, siege of the Sung garrison at, 167 
Happo, burning of camps at, 309 
Hara, siege of, 469 
Hara Tomio, (2), 430 (e) 
Harada Yoshito & Ko-mai Kazuchika (2), 306 (f) 
Hardy (1, 2, 3), 105 (b) 
Harper (2), 1 
Harrison (4), 466 (f) 
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Hart, I. B. (4), 553 (b), 554 h) (0 
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Hartwell (3), 534 (b), 535 
Hasan al-Rammah. See al-Rammab, Hasan 
Hassan (1), 45 (a), 46 (c) 
Hassenstein (1), 33 (е), збо (ћ); (3), 225 (b) 
Hatan (Mongol prince), 294 (ej 
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Hawkes (1), 531 (f) 
Haydar (artillerist at Kossovo), 443 
heavens, Chinese effect on Aristotelian notions 
concerning the, 525 
Hée, van (17), 398 (c) 
Helmont, J. B. van, 565 (f) 
Hemmerlin, Felix, De Nobilitaie et Rusticate Dialogus, 
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77 @), 106 (b), 267 (с), 347(b) 348 (9), 
516 (f), 518 (d), 578 (d); (2), 11-12, 62, 77 (i) 

hindam al-naft (‘naphtha engine’); Ibn Khaldün's 
reference discussed, 46 

Ho-chung, siege of, 171 

Ho Ju (War Ministry Official, 4- 16th century), 372 

Ho Ping-Yii (1), 531 (e) 

Ho Ping-Yü & Needham (1), 531 (e); (2), 360 (1) 

Ho Ping-Yü & Wang Ling (1), 26 (e) 

ho tho (‘double rollers"), corrupted from Ло wan, 
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Ho Yung-Chi (1), 576 (f) 
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Weapons and Machines of the Present 
Dynasty) by Arai Hakuseki {+ 1656 to + 1725), 
37-8, 469 

Honda Tadakutsu (soldier, +1548 to +1610), 
467 (i) 

honey, in proto-gunpowder, 108, 112 

as source of carbon, 112 (dj 
Hong Kong, Central Government offices, 395 
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Hoover & Hoover, 534; (1), 
535 (с) 
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horn-working, use of steam in, 560 
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Horváth (2), 332 

Horwitz (6), 410 (k); (8), 528 

Hosemann (1), 528 
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hot-air engine, 566 

‘hot mining’, 534 
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Fan Yeh 
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on lime smoke, 167 

Hou, K. C. (1),.96 (c) 

Hou Yi, the Archer-Lord, and the ten süns, 53i 

Howorth (1), 572 (e), 575 (0) 

Hrom (Byzantium). 442. See also Byzantium 
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Hsi-Chou Yen Phu (Hsichow Inkstone Record) by 
Thang Chi, 542 

Hsi-Hsia State, 574 

Hsi Hu Chih Yü (Additional Records of the Tra- 
ditions of West Lake) by Thien I-Héng, 131-2 
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Hsi Hu Erh Chi (Second Collection of Documents 
about West Lake at Hangchow and its 
Neighbourhood) by Chou Chhing-Yuan, 
183 (е), 232, 514 (g) 

Hsi Tsé-Tsung (6), 509 (e) 

Hsi-Yang Huo Kung Thu Shuo (Illustrated Treatise on 
European Gunnery) by Chang Tao and Sun 
Hsüeh-Shih, 37, 393 

Hsi Yuan Wên Chien Lu (Things Heard and Seen in 
the Western Garden) by Chang Hsüan, 514 (i) 

Hsia Shao-Tséng. See Chhao Yeh Chhien Yen 

Hsia Thung (+ 4th century), story concerning, 138 

Hsiang Ta (5), 37 (d) 

Hsiang Wan (naval architect), 149 

Hsiang-yang Shou Chhéng Lu (Account of the Defence 
of Hsiang-yang City) by Chao Wan-Nien, 23, 
156, 168 

Hsiang-yang, sieges of 

+ 1206-7, 23, 156, 168-9, 511 
+ 1268-73, 58 (b), 64, 174-5, 277, 573-4 
hsiao (‘nitre’/solve), 11 (e), 95 
hsiao shih (solve-stone), phu hsiao (crude-solve), 
mang hsiao (prickle-solve), 96-103 passim 

Hsiao Li-Jen (a Master-General of Ordnance), 
394 (d) 

Hsichow mines, possible use of gunpowder in, 542-3 

Hsieh-I-Hu-Hsien (Said Husain), 369 (c) 

Asien chhé phao (‘high-fronted cannon cart’), 21, 281 

Hsin Hsiu Pén Tshao (Newly Improved Pharma- 
copoeia), 97 

hsin phao. See signals, guns and bombs 

Hsin-ssu САМ САМ Lu (The Sorrowful Record of (the 
Siege of) Chhi(-chou) in the Hsin-Ssu Year 
(+1221)) by Chao Yii-Jung, 170, 329 

Hsin Yuan Shih (New History of the Yuan Dynasty). 
See Kho Shao-Min (1) 

Hsing Chün Hsü Chih (What an Army Commander 
in the Field should know), preface by Li Chin, 
21, 170 

use of the term ‘huo thung’ (fire-tube) іп, 221-2, 
230, 304 

hsing lu (mobile furnace) for molten iron projectiles, 
93 (с) 

Hsing-lung, Jehol, finds of moulds from, 412 

hsing phao chhé (‘mobile gun carriage’), 21, 277, 281 

Hsü Ching-Li (Taoist), 542 

Hsü Hou Han Shu (Supplement to the History of the 
Later Han) by Hsiao Chhang, 539 (c) 

Hsü Hsüan-Ching (Taoist), 542 

Hsü Hui-Lin (1), 486 (a), 509 (e) (f), 511 (b) 

Hsü I Chien Chih (More Strange Stories from I- 
Chien) by Yuan Hao-Wén, 168 

Hsü Kuang-Chhi/Doctor Paul (scholar-official, 
friend of the Jesuits), 392 

Hsü Kuo (Sung scholar-official), 229-30 

Hsü Mien-Chih. See Pao Yuéh Lu 

Hsü Shou-Hui (+ 14th-century rebel leader), 183 (e) 

Hsü Sung Chung-Hsing Pien Nien Tzu Chih Thung 
Chien (Continuation of the ‘Mirror of History 
for Aid in Government’ for the Sung Dynasty 
from its Restoration onwards) by Liu Shih- 
Chii, 156 (а) 
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Hsü Ta (general, + 1329 to + 1383), 27, 30, 31 (a), 
296, 306 

Hsü Tung. See Hu Chhien Ching 

Hsü Tzu Chih Thung Chhien Chhang Phien (Continua- 
tion of the Comprehensive Mirror (of History) for 
Aid in Government) by Li Tao, 126 (e), 149 (a) (b) 

Hsü Wen Hsien Thung Khao (Continuation of the 
Comprehensive Study of the History of Civilisation) 
ed. Wang Chhi, 156 (a), 292 (h), 514 (h) 

Hsüan Lan Thang Tshung Shu Hsü Chi, 354 (b) 

hsüeh, use of the term, 234 (d) 

Hu Chhien Ching (Tiger Seal Manual) by Hsü Tung, 
19, 38 (f), 70, 148, 163, 223, 502 

on flying fire ( fei huo), 85 
on fire-birds, -beasts, -soldiers, 211-13 

Hu Khou Yü Shéng Chi (Life Regained out of the 
Tiger's Mouth) by Pien Ta-Shou, 407 

Hu Lin-I (1), 65 (b) 

Hu-lu-ku valley, the battle of, 28 

Hu Ta-Hai (Ming army commander), 23 (d), 306 

Hu Tsung Hsien (commander-in-chief, + 16th 
century), 33 

Wu Lüeh Shen Chi Huo Yao (On Gunpowder for 
Muskets and their Use in Various Tactical 
Situations), 35 

Wu Lüeh Huo Chhi Thu Shuo (Illustrated Account 
of Gunpowder Weapons and their Use in 
Various Tactical Situations), 36 

Hu-Tun (Mongol general), 178, 295 

hu tun phao (trebuchet, later bombard), 21-2, 277-9, 
313, 314715 

Hua I Hua Mu .Niao Shou Chen Wan Khao (Useful 
Examination of the Flowers, Trees, Birds and 
Beasts found among the Chinese and Neigh- 
bouring Peoples) by Shen Mou-Kuan, 88 (d) 

Hua Kuang-Ta (judge, + 16th century), 407 

Hua Yang Kuo Chih (Records of the Country south 
of Mt Huo) by Chhang Chhii, 538-9 

Huai, arsenal at, 173 

Huai Nan Tzu, 531 (f) 

Huai Nan Wan Pi Shu (Ten Thousand Infallible 
Arts of the Prince of Huai-Nan), on first 
creation of a vacuum, 561—2 

Huang Chen (Ming border commander), 314 

Huang Chhao, rebel forces of (+ 875), 539 (К), 542 

Huang Hsiao 1zu Wan Li Chi Chhéng (Memories of the 
Thousand-mile Peregrinations of a Filia] Son 
named Huang) by Huang Hsiang-Chien, 407 

Huang Јеп-Үй (5), 34 (а), 254 (с), 363, 418 (b), 
429 (е); (6), 401 (е) 

Huang Kuan (prefect, + 16th century), 372 

Huang Ming Ching Shih Shih Yung Pien (Political 
Encyclopaedia of the Ming Dynasty) by Féng 
Ying-Ching, 254 (b) 

Huang Ming Shih Fa Lu (Ming political Encyclo- 
paedia) ed. Chhen Jen-Hsi, 372 

Huang Shang (1), 139 

Huang Тї Chiu Ting Shen Tan Ching Chiieh (Yellow 
Emperor’s Canon of the Nine-Vessel Spiritual 
Elixir, with Explanations), 97 

Hucker (5), 33 (k), 35 (g); (6), зат (е); (7), 341 (е) 

Hudson (1), 49 (g) 
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Hugon, M., 565 (1) 

Hui-An Hsien Shéng Chu Wéng Kung Wén Chi (Col- 
lected Writings of Chu Hsi), 132 (b) 

Hui-chdn Ryósa (Collected, Compiled and Edited 
History of Korea, especially the Когуб 
Kingdom) by Hong Yeha, 309 (b) 

Hui-chou, defence of, + 1236, 173 

hui-hui phao (counterweighted trebuchet). See under 
trebuchets 

Hulagu Khan (Mongol ruler, + 13th century), 89, 
572 (€), 574 

Hulbert (2), 381 (f) 

Humáyün (Mughal emperor), 442 

Humbersin, Philippe le Bon d', 565 (h) 

Hummel (1), 398 (d); (2), 38 (b), 58 (c), 407 (g), 
467 (f) 

Humphries (1), 486 (c), 495 (е), 506 (g), 509 (f), 
521 (b), 524 (k) (1), 525 (с) 

Hun Kung Chhieh Yao, 37 

Hung Kho Chhü, Shensi, gunpowder blasting for, 
543 

Hungarians, 443, 573 

Huo-Ché-Ya-San, the identity of, 369 (c) 

Huo Chhé Chen Thu Shuo (Illustrated Account of the 
Formations in which Mobile Shields can be 
used with Guns and Cannons) by Chhen Phei, 
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Huo Chhi Chen Chiieh (Instructions and Artillery) by 
Li Shan-Lan, 38 
Huo Chhi Chen Chieh Chieh Chéng (Analytical 
Explanations of Firearms and Instructions for 
Using Them) by Shen Shan-Chéng, 37 (b) 
Huo Chki Lüeh Shuo (Classified Explanations of Fire- 
arms) by Wang Ta-Chhüan, 37 (b) 
Huo Chhi Thu (Illustrated Account of Gunpowder 
Weapons and Firearms) by Ku Pin, 35 
Huo САМ Thu (running title). See Huo Lung Ching] 
Huo Chhi Thu 
Huo Chhi Thu Shuo (Illustrated Account of Fire- (and 
Gunpowder-) Weapons) by Huang Ying- 
Chia, 36 
huo chhiang. See chhiang 
huo chhiu (fire-ball), 22, 149, 156, 157-61, 170 
Jin huo chhiu (‘igniter’ or range-finder), 73, 158 
chi li huo chhiu|huo chi li (barbed or thorny), 120, 
149, 158-61 
thich tsui huo yao (‘iron-beaked fire kite’), 157-8 
chu huo yao (‘bamboo fire kite’), 157-8 
See also smoke-bombs (huo chhiu) 
huo chien, use of the term, 11—12, 130, 147, 472 
See also fire-arrows, rockets 
huo chung, slow-burning material, as igniter, 203 
Huo Hsi Lüeh (Treatise on Fireworks) by Chao 
Hsüeh-Min, 134 (e) 
on coloured smokes and flames, 145 
on liu hsing as a rocket, 512 
huo kuan (cans of fire, i.e. gunpowder), 93 (c), 168, 
292 (c) 
huo kuan (medical cupping tube), 554 
Huo Kung Chen Fa (Tactical Formation for Attack 
by Fire- (including Gunpowder-) Weapons), 
36 
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Huo Kung Chhieh Yao (Essentials of Gunnery) [or 
Tsé Kho Lu] by Chiao Hsü and Adam Schall 
von Bell (Thang Jo-Wang), 24, 27, 35, 310, 
321, 351-2, 353 

on coloured smoke and flame, 145 

on the phén thung fire-tube, 254 

on the nature of gunpowder constituents, 363 
its authorship, 365, 394 

Huo Kung Pei Yao (Essential Knowledge for the 
Making of Gunpowder Weapons) [a version of 
the Huo Lung Ching], 28 (a), 32, 192 (a), 
193 (a) (d), 194 (a) (g), 196 (d), 203, 211 
(0) (g 213 (b) (c), 248, 257 (d), 277 (9), 
321 (a), 330 (а), 342 (f), 459 (e), 474 (а) (9), 
477 (f). 498 (е), 502 (b) (c), 508 (f) 

as a version of the Huo Lung Ching, 26 

Huo Kung [Wén] Ta (Answers (to Questions) on 
Fire-Weapons and Fire-arms) by Wang Ming- 
Hao, 254 (Ы), 257(b), 421 (b) 466 (b), 
477 (с), 484 (e), 489 (а) 

huo lung chhiang (‘fire-drake spear or lance’), 31-2 

Huo Lung Ching (Fire-Drake Manual) by Chiao Yü, 
22, 36, 163 (b), 205 (d), 213 (b) (c) (f), 218 (b), 
378 (e), 444 (b), 474 (a) (d), 512 (К) 

as a primary source, 24-32 

versions of the text, 24-7. See also Huo Lung 
Ching|Huo Chhi Thu, Huo Lung Ching Chhüan 
Chi, Huo Lung Ching Erh Chi, Huo Lung Ching 
San Chi, Huo Kung Pei Yao, Wu Pei Huo Lung 
Ching 

the preface of Chiao Үй, 26, 27—31 

associated works, 32 

on coloured smokes, 144-5 

on a true fire-arrow, 153-4 . 

on bombs, 179-83 passim, 187, 189, 474-7 

its gunpowder compositions formulae, 180-7 
passim; its data on the nitrate content of gun- 
powder examined, 342-51 passim 

on mines, 192-6; a sea-mine with ingenious fuse, 
203-5 

on fire-lances and proto-guns, 229, 232-57 
passim, 311, 488 and (e), 514 and (a); shields 
for, 414; eruptors, 264-7, 329-30 

on the importance of projectiles fitting the bore, 
275-6 

on bombards and cannon, 314-25 

on early hand-guns, possibly with serpentines, 

459 

on rocket-arrows, 477-8; gunpowder suitable for, 
483-4; winged rockets, 211, 498—502; rocket 
launchers, 489; two-stage rocket, 508 

Huo Lung Ching|Huo Chhi Thu (running title) 
[Hsiang-yang edition: a version of the Fire- 
Drake Manual], 180 (f), 183 (b) (c), 192 (a), 
193 (a) (d), 196 (a) (d) (g), 203 (g), 211 (d) 
(f) (8) (0), 213 (b) (c), 218 (b), 234 (c), 236 
(b) (9), 240 (b) (0) G), 247 (a) (d), 248 (a) 
(9), 251 (a), 257 (d), 277 (d), 311 (f), 314 (i), 
315 (с), 317 (a) (c) (f), 321 (а), 325 (f), 330 
(а), 342 (f), 459 (е), 477 (f), 483 (&), 498 (e), 
502 (b) (c), 508 (f) 

a version of the Huo Lung Ching, 25 
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Huo Lung Ching Chhüan Chi (Fire-Drake Manual in 
One Complete Volume), Nanyang edition [a 
version of the Huo Lung Ching], 25, 342 (f). 345 

Huo Lung Ching Erh Chi (Fire-Drake Manual, Second 
Part) [a version of the Huo Lung Ching, com- 
piled by Мао Hsi-Ping], 25 

Huo Lung Ching San Chi (Fire-Drake Manual, Third 
Part) [a version of the Huo Lung Ching com- 
piled by Chuko Kuang-Jung], 26 

Huo Lung Shen Chhi Thu Fa (Fire-Drake Illius- 
trated Technology of Magically (Efficacious) 
Weapons), 24, 32 

Huo Lung Shen Chhi Yao Fa Pien (Fire-Drake Book of 
Magically (Efficacious) Weapons, with the 
Method of Making Gunpowder), 32 

Huo Lung Wan Shéng Shen Yao Thu (Yllustrated Fire- 
Drake Technology for a Myriad Victories 
using the Magically (Efficacious) Gunpowder), 


32 
hua phao, 8 (c), 19, 22, бо, 62, 156, 157, 161, 163, 
170, 175, 176, 294, 307 
its many meanings, 11 (c), 276-84 
first use of the term, 163 
early use covered mines, 192 
early parallel use with chiung, 283 
See also bombs, hand-guns, ttebuchets 
Auo shuo (firemen) and hue chiang (fire-artisans), 533 
huo shu (‘ tamp-trees’), 136-7 
huo thung, 21 (а), 23, 229, 252, 257, 276 (c) 
a fuse-tube, 146, 221 
proto-guns (‘fire-barrels’}, 170, 172, 295, 304 
use of the term, 21-2 
*Rre-tube' differentiated from the fire-lance, 
290-2, 243 
hand guns, 306, 307 
See also fire-lances 
huo tsu (+ Bre-barbs? or ‘javelin-heads'), 304 
huo yao (‘fire-chemical', ‘fire drug’/gunpowder}, 
the term 
occasional mystical use of, 6-7, 117 
possible earliest recorded use, 99 
derivation and possible transmission of, 
and (С) 
médical significance of, 116-17 
huo убо chien. See fire-arrows 
Huo Yao Fu (Rhapsodical Ode on Gunpowder) by 
Mao Yuan-I, 34-5. 
on the nature of gunpowder constituents, 364. 
A Yao Miao Phin (е Wonderful Use of Gun- 
| ), 
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huo Ja} shien [gunpowder whip-arrow or 
javelin), See fire-arrows, named 

Husain, Hoja and. Said (of Ming text), the 
identity of, 369, 449 (b) 

Hussite engineer, « of the Anonymous (Mün- 
“shen Codex 197), 33, 51, 421 (a) 

igh Henning (inventor of a machine drill), 


нај i, 572 (e) 
Huygens; gunpowder engine of, 547; 552, 556-8 


Tonal’ Awwdin (ageiculturalist, + rath century), Во 
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Ibn ai-Baithàr (pharmacist). See Kitdb al-Jámi fi 
al-Adwiya al-Mufrada 

Ibn Kaldün, ' History of the Berbers and the North 
African Kingdoms’, 46 

Ibn Muhammad аі-Ѕһаігагі al-Nabarawi (phar- 
macist, d. +1193), 80 

Ibrahim, son of 'Ismà'il of Herat (I-Pu-La-Chin), 


574 
Ides, E. Ysbrandts (Dutch head of the Russian 
embassy, + 1693), 409 (a) 
ignis volatilis and ignis volantis i in aere, 40, 472 
‘flying fire’, 50 
Ikebe Harutsume, 391 (c) 
“П Milione’ (Marco Polo), 576 
Ukhanate (Persia), 576-7 
Hlicium, and fumigation, 1 
illustrations of military objects 
rare outside technical military compendia, 
232 (e) 
in the works of scholars, 284 
Imbault-Huart (4), 208 (e) 
Imbert (1), 274 (e) 
Imperial Library (Chhung Wén Yuan), 19-20 
Inalcik (т), 443 (f) (h) 
Inatomi family (gunsmiths), 390-1, 470 (d) 
Inatomi-ryu Teppó Densho (Record of Matchlock 
Muskets Current in the Inatomi Family) by 
Nagasawa Shigetsune, 470 
Incarville, d? (1), 104 (d), 139, 141, 144 (3) (k) (1), 
143 (©) 
incendiaries 
early use of, 65-73 
gunpowder for, 147-61 
See aiso fire-lances, flarne-throwers, Greek Fire etc. 
incense, 1, 66, 137 
in ‘automatic fire’, 67 
sticks as fuses, 205 
India/Indians, 61 
and rockets, 13, 516 (h), 517-18 
fire-weapons in, 67-9 
saltpetre in, 95; knowledge of, 106-7 
ndlika (reed pipe) in, 273 
knowledge of Chinese innovations in, 464 
fire-setting in, 433 
‘Indian salt’, 106~7 
indigo, in coloured smokes, 144, 145 
Indonesia, and the blow-pipe, 273 
inkstone quarries, 542 
inoculation against small-pox (varioiation), 444 (а) 
inscriptions on weapons, 287, 296-9, 394 and (d), 
96 


3 
interconversion of rotary and longitudinal motion, 
545, 365 
iran, See Persians 
Iraq, 575-6 
iran 
molten, as. à weapon, 19 (f),.99 (c) 
bomb shells of cast iron, 170, 179 
quality cast, for guns, 315 (b), 339-41 
wrought, 315 (b); 839, 341, 440 
co-fusion method for, 541 
cast-iron moulds, 412 
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iron filings, pellets, powder, added to gunpowder 
mixtures, 41 (f), 137, 141, 145, 228, 317, 
343-4 table 2, 361; European use, 260 
iron sand, 141, 144 (k) (1) 
See also Chinese fire 
iron pyrites, and sulphur production, 126 
iron-wood (ihich-li mu), 240, 311, 488 (b) 
‘Isa Tarjaman (Ai Hsüeh), 573 
Isarco, road-widening through the gorge of the, 
535 (b) 
Islam/ Muslims, 10, 440, 443, 568, 573, 575, 576, 
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"Ismà'il of Herat or Shiraz (1-Ssu-Ma-Yiu), 574 
Takura (1), 39: (f), 469 (f) 
Itakura & Itakura (1), 390 (8), 391 (b) (c) 
Italy 

slaves from Mongolia in, 464, 577 (b) 

use of gunpowder for blasting in, 535 (b) 

colony of Italian merchants at Tabriz, 576-7 
Iwasaki Tetsushi (ғ), 469 (i) 


Jackson, W. (1), 104 (i) 
Jacob (4), 225 (c) 
Jacopo of Gaeta (Jewish physician, adviser to 
Sultan Mehmet 11), 366 (f) 
Jagnaux (1), 114 (f£) 
Jahns (1), 62 (b) 
Jalal al-Din Rümi (theclogian, pcet-philosopher, 
+ 1207-73), 442 
Jamal al-Din (Cha-Ma-Lu-Ting) (leader of an 
astronomical delegation to China), 575 (D 
Jameson (1), 543 (k) 
Japan, Japanese, 33, 36, 65, 273, 437 (b) 
role in the transmission of the matchlock musket 
to China, 10, 27, 37; role examined, 429-44 
passim 
invasions of Korea, 36, 295, 407-8, 414 (c), 469: 
China, 315 (b) 
invaded by the Mongols, 176-8, 295 
study of ballistics in, 390-1 
backwardness in fire-weapons, 408 (h) 
hand-guns from China in, 430 
no flint-lock musket period in, 465-5 and (gi, 
467-9; aversion to fire-arms, 467 ff. 
inventions of gunsmiths in, 467 (h) 
the Tokugawa fire-arm | suppression policy, 
469-71 
rock-blasting in, 543 (8) 
Java, Chinese fireworks in {+ ryth century), 529 
Jenkins, Rhys (3), 562 (dj 
Jenner (1), 545 
Jeremiah, possible reference to fire-setting in, 533 
Jerusalem, 24, 576. 
Jesuits, 10, 37, 63, 202, 391 and (g), 409 (а) 
as cannon-founders in China, 362-8 
See айо Amiot, Verbiest etc. 
jet propulsion, 141-3, 474, 521, 525 
Јен (2), 272 
Jews, 3966. | 
Jib Yüeh & Chung Yung-Ho (1, 1). 495 (d) 
Job, possible reference to fire-setting in, 533 (5j 
, Jocelyn (1), 520 (gj 
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Johannsen (3), 179 (е), 412 (8); (4), 179 (6), 
412 (g) 

John of Monte Corvino (bishop in China, + 14th 
century), 578 

John of Plano Carpini (Franciscan friar, + 13th 
century), 49, 570, 573 

John Skylites MS (с. + 1460), 79 (b) 

Johnston, James, 565 (i) 

Joinville (author of the Hisiory of St Louis, + 1309), 
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Jones (1), 141, 516 (c) 

Jorden, Edward (+ 1569 to + 1632) and the study 
of inorganic salts, 104 

joss-sticks and watch-keeping at sea, 203 (f) 

Julian of Hungary (Dominican, -+ 13th century), 49 

Julius Africanus (ch. T 225), 55, 67 

‘Jumper’ (boring tool), 536 (d) 

alfuwayni, ‘Ala al-Din, Ta'rikh-i Jahan-Gushá 
(History of the World Conqueror, Chingiz 
Khan), go (a), 102 


Kahane & Tiertze (1), 259 (f) 

Kai Wén Lu (Things Heard Worthy of Record), by 
Li Thien, 130 

Kai Үй Tshung Khao (Miscellaneous Notes made 
while attending his aged Mother) by Chao I, 
166 (g), 311 (b) 

Kaijo Hojitsu Zenshé (Complete Treatise on Naval 
Artillery). See Udagawa Ydan et al. (2) 

Kaisan-ki (Book of Improved Mathematics) by 
Yamada Shigemasa, 391 

Kaisan-ki Kémoku (Comprehensive Summary of 
Integration) by Mochinaga Toyotsugu & 
Ohashi Takusei, ggi 

Kaitak Bay, cannon from, 394 

Kalmar (1), 517 (b) 

Kaltenmark (1), 97 (a) 

Kameniata, Joannes, De Excidis Thessatonicensi, 
74 (8), 78 (є) 

Kan-thang-chiang harbour, 541 

Kao Chih-Hsi, Liu Lien-Yu et al. (1), 17 (a) 

Kao Phien (general, + gth century), 539-40, 541 

Kao Shih-Chhi (poet and calligrapher, -+ 1645 to 
+1703), 409 (d) 

Karakoron, travellers to the Mongol court at, 4a, 
37071. 575 

Earlgren (14), : (b) 

Katafiasz (1), $18 (d) 

Kautukaciniómani by Prataparudradeva of Orissa, 
517 

KRawamoto Kómin, Kikai Kanran Кві, agi 

Keil, J., Lueidinge tot de Waare Natuur- en Sterrekunde, 
391 

Kelly (1), 529. 

Kemp (1), 274 (8) (hj 

Kéng Ching-Chung (leader of a rébellion, + 1673), 
408 

Kennedy (1), 208 and (a) (d), 189, 529 

Kepler, Johannes, and the ice-crysial, 327 (g) 

Khat-Hsi Тё-ап Shou. Chhing Lu (Account of the 
Defence of Tean in thé KhalHsi reign- 
period) by Wang Chih-Yuan, 29157 
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Khai-Pao Pén Tshao (Pharmacopoeia of the Khai- 
Pao Reign-Period) by Ma Chih, 99 
Khaiféng, 169 
siege of +1126, 154, 165, 228 
siege of +1232, бо, 171-3, 192, 225; shell relic 
from, 179 
Khang-Hsi, Emperor, 126, 127-8, 146, 409, 411 
Khang Ying-Chhien (Ming commander), 401 
Kho Chai Tsa Kao, Hsü Kao Hou (Miscellaneous 
Matters Recorded in the Ability Studio, 
Second Addendum) by Li Tséng-Po, 173-4 
Kho Shao-Min (1), 178 (f), 225 (с), 294 (e), 
571 (е) 
Khua Ao Chi (Collected Memorabilia of Mr Khua- 
Ao) by Li Hsin, 156 
Khubilai Khan, 178 and (e), 294, 571 
foreigners employed by, 573, 574 576 
Khung-Ming. See Chuko Liang 
Khwarizm, 574 
Kiangnan Arsenal (Chiang-Nan Chi-Chhi Chih- 
Tsao Chu), 38, 365, 467 
Kibalchich, Nikolai Ivanovitch (developer of the 
idea of vectored thrust), 522 (i) 
Kierman (1), 31 (d) 
Kikuoka Tadashi (1), 430 (e) 
‘killing the green’ (ska chhing), applied to the 
making of documents, 128 
Kimbrough (1), 467 (h) 
Kitab al-Furistya wa’l-Mundsab al-Harbiya. See al- 
Rammah 
Kitab al-Fami fi al-Adwiya al-Mufrada (Book of the 
Assembly of Medical Simples) by Ibn al- 
Baithar, 42, 80, 107 
Kitab al-Mukhtàr fi Kasuf al-Asrár (The Revelation of 
Secrets) by ‘Abd al-Rahim al-Jaubari, 107 (c) 
Kitab Sirr al-Asrár. See al-Razi 
Ko Hung, 114 (f) 
Kircher, Athanasius (Jesuit, +17th century), 53 
Klaeber (1), 78 (a) 
Klausner (1), 529 (c) 
Ko, Aloysius (Kao Lei-Ssu) (1), 61 
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in incendiaries, 73-6 
‘white naphtha’, 73 
for the internal combustion engine, 566 
See also under fire-pots 
Naqqash, Ghiyath al-Din, 514 
National Aeronautics and Space Administration 
(U.S.A.), 226 
National Arsenals Administration (China), 173 (d) 
See also under arsenals 
National Historical Military Museum (Peking), 
493; 498, 503, 511 
National Historical Museum (Peking), 46, 297, 301, 
335-6, 503, 505 
National Museum (Stockholm), 330 
naval exercises 
on Ta-Po Chih, go 
on the Chhien-thang River, 132, 511 
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467 (h), 469 (c) (j), 470 (4), 471, 548 (8) 
Persians, 94, 574 
use of naphtha and incendiaries, 55, 65, 74 
‘Persian naphtha’, 75 
and the nawak (blow-pipe); 273 (c) 
in Mongolian service, 573: second-class. citizens, 
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Phao Ching (Trebuchet Manual), 19 
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lances, 259; data on the nitrate content of 
gunpowder examined, 348, 350 fig. 125 
possible transmission routes from China of his 
knowledge of gunpowder weapons, 570, 572, 
574 (с), 576, 577 
Rammelsberg mines, Germany, 533 
ramparts, mobile, 421 


INDEX 


Ramsey, David (inventor), 564 (b) 
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343-4 table 2, 362 
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on gunpowder sales, 126 
restricted information, 79; item, 310 
on decentralisation of gun-production, 314 
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Ricci, Matteo, 392 (c) 
Richard I of England, 8o 
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Rock (2), 466 (a) 
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launchers, 486—95, 514 
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rockets, 495-505; multi-stage, 505-9; modern, 
520-5. See also rocket-arrows 
‘rotary’, 520 
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Rome, 576 
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saints’ names, inscribed on Chinese guns, 396 
Saisiat folk of Formosa, 274 
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+ 1636), 467 
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in gunpowder mixtures, 180, 234, 267, 343-4 
table 2, 353, 361; European, 39 (f), 262 
in ‘salpractica’, 353 (c) 
‘sal practica’, 353 (c), 361 (b) 
Salaman (2), 539 (е) 
saliva, rabid, 353 
Salonika, siege of, 74 
salt 
in ‘automatic fire’, 67 
preparation of, 104 
sulphides in, 107 (a) 
to slow detonation, 537 (е) 
saltpetre (potassium nitrate), 1, 8, 9, !1 (е), 34 40, 
48, 51, 59, 61, 228, 261 (e), 262, 353 (с), 364 
Greek Fire and, 61 (£), 77 (d) 
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Arab, 42 
its properties of flux and solubilisation recog- 
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gredients, 111-17 
restrictions on the sale of, 126; possible shortage 
of, 165, 367 
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360-4 passim 
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See also nitrate content of gunpowder 
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clarification of salt solutions, 104~5 
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437 
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Savignone, Andaló de (Genoese merchant who 
acted as ambassador to the Pope from the last 
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1336), 578 
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(25), 541 (а) (1), 542 (b) (c) 
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146, 393-4, 396 
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464 
Schlegel (12), 61, 172, 179 
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technology, 6, 287-8 
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Ming ignorance of military matters, 3:6 
Schoonmaker (1), 528 (a) 
Schott (2), 555 (e) 
Schumpeter (1), 365 (c); (2), 365 (с) 
Schwartz, Berthold, the legend of, 51-9 
science-fiction and rocketry, 523-4 
Scoffern (1), 520 (d) 
screw, 436, 437 
screw-in breech-loaders, 366 (f), 410 
sea-horse (shui ma), in a gunpowder mixture, 361, 
363 
second-class citizens, 209 (cj, 573 
secrecy and fire-weapons, 24, 27, 32, 39. 93 (d), 117, 
202, 223, 313, 341, 473, 542 
See also prohibited. books 
Secretum Secretorum; See al-Rázi 
Segener's water-sprinkler, 521 (а) 
Sekiura, Japan, Mongol landing at, 178 
Semang people of Kuangtung, 274 (e) 
Senfftenberg, von (1); 353 
Seoul Museum, 309, 334 
serpentine (S-shaped) lever (for arquebus and 
musket); 10, 391, 421, 437 (0), 443 
described, 425-6 
on early hand-guns, 455-9; possibly a Chinese 
invention, 459-65 
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385 
Serruys (2), 267 (f), 331 (h) 
Shah, Muhammed Khavend, Ruzat al-Safá, 514 (j) 
shale oil, 566 (f) 
Shamasastry (1), 218 (e) 
Shams ai-Din (Shan Ssu), 573 
Shams al-Din, Sáid Ajall (Sai-Tien-Chhih Shan- 
Ssu-Ting), 573 
Shan Hai Ching, 129 
Shan Tso Chin Shih Chih (Record of Inscriptions on 
Metal and Stone from the Left Hand Side of 
the Mountain) by Pi Yuan & Juan Yuan, 
174 (е) 
Shang dynasty, fire ceremonies, 1 (c) 
Shangtu (Mongol summer capital), 306, 571 
Shansi, 313 
iron from, 341 
Shantung, 31, 229-30, 431, 432 
Shao-hsing, siege of, 23, 306 
Shaw, Joshua (deviser of mass-produced percussion- 
caps), 465 
Shaw, Peter (translator of Boerhaave, +1753), 57 
shé thung (bamboo), 274 (d) 
shells, explosive 
proto-shells from eruptors, 9, 264-8 
cast iron, first use of, 179, 267; and development 
of, 4i1 
See also under bombs 
shen chhi, use of the expression, 24 (a) 
Shen Chhi Phu, Shen САМ Phu Hue Wén, See Chao 
Shih-Chén 
shen chi chhiang, phrase discussed, 311 
Shen Chi Ying armoury, 27 
Shen I Ching (Book of the Spiritual and Strange), 
12 
Shen Nung Pén Tshao Ching (Pharmacopoeia of the 
Heavenly Husbandman), 34 (b), 96, 108, збо 
Shen Pang. See Yuan Shu Tsa Chi 
Shen Wei Thu Shou. See Verbiest 
shéng, as à measure, 264 (b) 
Shensi, rock-curting in, 543 
Shenthu Pieh-Chia (alchemist), 541 
Sherlock (1), 101 (e) 
shields and screening devices, 414—21 
shih (arrow, faeces), 1 (d) 
Shih Chih (Historical Record) by Ssuma Chhien & 
Ssuma Than, 31 (d) 
Shih Ching (Book of Odes), 1, 284 
Shih Hu Shih Chi (Collected Works of the Lakeside 
Poet) by Fan Chhéng-Ta, 134 (d) 
Shih Kuo Chhun Chhiu (Spring and Autumn Annals 
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and Sung) by Wu Jen-Chhen, 80, 541,542 (b) 
Shih Lin Kuang Chi, 60 (a) 
Shih Phu (inventor of novel fire-weapons), бо, 149 
Shih Pi, at Yangchow + 1276,:227 
Shik Wu Chi Yuan, 38 
shih yu (naturally-occurring petroleum), 7, 25-6 
See also naphtha 
Shimabara Rebellion (+ 1637), 469, 470 
Shimizu Hidemasa. (scientist), 301 
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Shou Chhéng Chiu Ming Shu. See Chiu Ming Shu 

Shou Chhéng Lu (Guide to the Defence of Cities) by 
Chhen Kuei & Thang Tao, 22-3, 156 (j) 

first description of a fire-lance (huo chhiang), 9, 23, 
222 

Shou-chhun-fu, arsenal of, invention of a fire-lance 
at, бо, 226—7 

shrapnel, 411 

Shrapnel, H., 411 (f) 

Shu Ching (Book of Documents), 284 

Shu I Shih Shih Tshun by Chang Wén-Hu, 296 

Shu Nan Hsü Lüeh (Records of the Difficulties of 
Szechuan) by Shen Hsün-Wei, 407 

shu thung, as brass, 339 (f) 

Shu Yü Chou Tzu Lu (Record of Despatches con- 
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Tshung-Chien, 369-72 

Shui Hu Chuan (Stories of the River-Banks), 299 

Shusan Thung, 15 (a) 

Siamese, 54, 469 (h) 

Sicily, use of gunpowder for blasting in, 535 (b) 

sieges 

Chinese literature on, 22-3 
See also Hsiang-yang, Kweilin, Té-an etc. 

Siemienowicz, Kazimierz (military engineer), Ars 
Magna Artilleriae, 506-8 

sifter, early reciprocating conversion design, 545 

Sigerist (1), 554 (b) 

sights, for guns, 315, 421, 437 (a), 445-6, 455 

signal guns and bombs (Asin phao), 169, 331, 442 (c) 

See also under smokes 

Sijilmása, siege of, 46 

‘silver rust’, as urine sediment, 180 (c), 361 (i) 
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and in Russia, 577 (h) 
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+131 century), 49 

Simms (3), 555 (a) 
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49, 575 (b) 
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Sinha (1), 273 (f) 

Sinkiang, 440, 444 

Sinor (3), 49 (d); (7), 49 (d) (f), 570 (d); (8), 
49 (e); (9), 49 (d) (h) 

siphén|strepta (Byzantine flame-thrower apparatus). 
See pumps 

Sisco & Smith (2), 96 (a) 

Sivin (1), 114 (f), 115 (d) 

*skeuomorph’, 247, 334 

slave-trade, from Mongolia to Italy, 464, 577 (b) 

Slavs, inter-action with the Chinese, 577 and (h) 

slings, 283, 368, 369 

slow match igniter, gunpowder, 7, 9, 38, 202 (a), 
251, 437 

on a flame-thrower pump, 82-5, 94 
the serpentine, 425-6 
the matchlock, 427-8 

Smith, V. (1), 517 (k), 537 (e) 
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Smith & Gnudi (1), 260 (e) (f), 261 (b) 
smoke-bombs, toxic 
huo chhiu, 2 
Sung poison gunpowder, formula for, 123-5 
quicklime bombs, 165-7, 525 (f) 
14th to 19th centuries, 180-92 
fired from eruptors, 267 
winged rocket-bomb, 502 
smokes 
‘smoking out’ practices, 1-2 
Indian, toxic, 68 
Jen huo (smoke-fires), 131, 137 
coloured flames and smokes, 131, 137-8, 144; 
military signal smokes, 144-6, 267 (f), 362 
smoke screens, 145 (b), 234 
snow-crystals, growth of, 527 (g) 
So Kwan-Wai (1), 36 (e) 
soap-bean 
in salt preparation, 104 
in the production of potassium sulphate, 115 
in poisonous gunpowder mixtures, 125, 141, 
180 (i) (j), 267, 362, 363 
for signal smoke, 144 
sodium nitrate, 95, 96 and (c) 
Sokolsky (1), 525 (d) 
Solms, Reinhart de, and winged rockets, 495 (f) 
‘solves’. See hsiao 
Somerset, Edward (Marquis of Worcester), 564 (b) 
Somogyi, von (1), 8o (j) 
Son, Monsieur du, on carton cartridges for blasting, 
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sources, historical, 18-65 
reliability of Chinese historical writing, 5-6; 
scientific texts, 288 
primary, 18-39 
Arabic and Western, 39-51 
speculations and research contributions, 51-65 
inaccuracy of some illustrations, 284 
Ming scholars’ restricted knowledge of weaponry, 
310 
depiction of obsolete devices, 329 (c) 
South-east Asia 
route for Greek Fire into China, 86-8 
use of ceremonial and weather-modification 
rockets in, 528 
spread of European artillery designs in, 325 (e) 
Southern Ming, cannon of the, 394 (d) 
Southern Sung, 156 
rockets commonplace, 13 
lost military works, 19 
fire-arrows, 154-6 
fire-weapons enumerated, 173-4 
movement into Assam, 313 
Southern Thang 
suppression by the Great Sung, 89 
See also Nan Thang 
space, in Chinese and European thought, 523 
empty space, 554 (f) 
Spain, 470 
breech-loader from, 368 
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Spain (cont.) 
earliest date for the bombard in, 578 
Spak (1), 347 (b) 
Spencer (1), 527 (g) 
Sprat (1), 347 (a), 349 (b) 
‘spurting tube’. See phén thung 
Ssu Hsüan Fu (Thought the Transcender) by Chang 
Héng, 523 (a) 
Ssu Khu Chhüan Shu, 20, 21, 23, 33, 34, 35 (b) (g), 
90 (c), 158 (c) 
Ssu Khu Chhüan Shu Thi Tao, 21 
Ssu-Lun-Fa (Shan Burmese prince, + 14th century), 
307 
Ssuma Fa (The Marshal's Art), 9o (e) 
Stadlin, Frangois Louis (Lin Chi-Ko) (Jesuit lay 
brother), 127 
Starikov (1), 141 (d) 
steam 
use in China, 2, 559-62 
gunpowder and the development of steam 
engines, 3, 5 (a), 544-8, 558-9, 565; vacuum 
displacement system pumps, 562-4 
for jet-propulsion, 521 (a) 
steam fire-setting, 539 
for a pressure-cooker, 555 (d), 559 
steel, 141, 339, 466 (g) 
See also flint and steel 
Steele (4), 50 (a) 
sterilisation, medical, 2 
Steward (2), 508 (i) 
*stick'[cudgel (kun) in relation to fire-arms, 247 
stills, 77, 92 
still-heads, 126 (i) 
stink, 125 
*stink-pots', 189-92 
Stirling, John, and the hot-air engine, 566 
stirrups, foot- (têng), 17 
Stone (1), 401 (a) 
Street, Robert, 565 (h) 
Strepdtbuch von Pixen, Kriegsristung, Sturmzeuch und 
Feuerwerckh, 33 
strontium, in coloured smokes, 138, 145 
strophanthine, as a blow-gun poison, 272 (e) 
Strubel (1), 473 (c) 
Struve (1), 407 (b) 
strychnine, as a blow-gun poison, 272 (e) 
Stuart (1), 120 (g), 123 (c), 547 (c) 
Su-a Munjip (Essays from the Western Cliff) by Yu 
Sénguyong, 289 (c) 
Su Wei-Tao, poem by, 137 
Suan Fa Thung Tsung (Systematic Treatise on 
Arithmetic) by Chhéng Ta-Wei, 391 
‘subduing by fire’. See fu huo 
Subotai (Mongol general at the siege of Khaiféng, 
+ 1232), 171, 572 (d) 
Subotowicz (1), 508 (c) (d); (2), 508 (a) 
Suchow, 306, 429 
Sugimoto & Swain (1), 430 (i) 
Sui dynasty, 61 (c) 
and fireworks, 136, 146 (f) 
sulphur, 1, 34, 48, 56, 57, 166, 261 (e), 262 
in ‘automatic fire’, 39 (h), 67; for ‘ignis vola- 
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ths’, до; in Greek and Roman incendiaries, 
66, 74; to thicken petroleum in incendiaries, 77 
as a constituent of gunpowder, 108-11 
in early experiments using gunpowder ingre- 
dients, 111—17 passim; in the Sung formulae for 
gunpowder, 117-26 passim 
restrictions on the sale of, 126 
produced from iron pyrites, 126 
for colouring smokes, 145 
proportions in gunpowder compositions, 342-58 
traditional theories concerning the nature of, 
360-4 passim 
exported to South-east Asia, 365 (e) 
Sumatra, 88, 443 
sumpitan, diffusion of the Malay term, 273 
Sun Chhüan, 28 
Sun Fang-To (1), 187 (d), 225 (c), 516 (b) 
Sun Ssu-Mo (alchemist and physician, +581- 
+682), 115-16 
Sun & Sun (1), 104 (f), 187 (а), 205 (c), 339 (£), 
362 (f), 378 (f), 437 (8) (b) (i) 
Sun Tzu Ping Fa (Master Sun’s Art of War), 61, 69 
Sun Yuan-Hua (governor of Téngchow in Shang- 
tung), 393 
Sun Yün-Chhiu and the telescope, 412-13 
Ching Shih, 413 
Sung Chi San Chhao Chéng Yao (The Most Important 
Aspects of Government as seen under the Last 
Three Courts of the (Southern) Sung Dynasty), 
156 (e), 175 (a) 
Sung dynasty 
toxic smokes, 2 
fire-arrows persist, 7 
fire-lances, 8 
‘true’ gun, 10 
wide military use of gunpowder, 16 
extant military writing, 19 
use of the term shen chhi, 24 (a) 
petrol flame-throwers, 89 
saltpetre, 98 
gunpowder formulae, 117-25 
restrictions on sale of explosives, 126 
gunpowder fire-crackers, 146 
new type of fire-arrow, 148 
gunpowder weapons, trebuchets, 154-7 
explosive gunpowder, 163 
thunderclap bomb, 165, 168 
lime bombs, 165-7 
bombs, fire-lances and trebuchets, 173-6 
fire-lances at Té-an, 222; Hsiang-yang and 
Yangchow, 227 
fire-tube, 230 
appearance of the term huo phao, 276 
water mill, 359 (e) 
See also Northern Sung, Southern Sung 
Sung Hsiieh Shih Chhüan Chi (Complete Record of 
Sung Scholars) by Sung Lien, 210 (b), 306 (k) 
Sung Hui Yao, 92 (f) 
Sung Hui Yao Chih Kao, 92 
Sung Hui Yao Kao (Drafts for the History of the 
Administrative Statutes of the Sung Dynasty) 
collected by Hsii Sung, 149 (a), 156 (k) 
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Sung Shih (History of the Sung Dynasty) by Tho-Tho 
Сова ) & Ouyang Hsüan, 19, 20, 60 (с) (f), 
86 (с), 89 (d), 93, 148 (f) (D. 149 (а) (b), 
156 (g), 157 (a) (b), 166 (b), 169 (b), 170 (а), 
229 (f) 
prohibitions on the sale of gunpowder ingredients, 
126 
on the relief convoy at Hsiang-yang, 175 
on the siege at Kweilin, 175-6 
reference to fire-lances at Té-an, 222 
early reference to co-viative projectiles, 226 
and (b) 
on shielded vehicles, 415 and (b) 
Sung Shou-Hsin (official), 514 (f) 
Sung Shu (History of the (Liu) Sung Dynasty) by 
Shen Yo, 147 (2) 
Sung Thung Chien Chhang Phien Chi Shih Pén Mo, 
165 (f) 
Sung Ying-Hsing. See Thien Kung Khai Wu 
suns, ‘mock’, 531 (e) 
Suriano, Antonio, and the use of gunpowder for 
blasting, 535 (b) 
Savin, Danko (1), 524 (a) 
swape principle, 69 (b) 
Swift, Jonathan (2), 5 (a) 
Switzerland, use of gunpowder for blasting in, 
536 (c) 
sword 
proto-gun shaped like a, 247 
Japanese mystique of the, 470 
Syracuse, siege of, 67 
Syria, 64, 442, 574 (c) . 
hand-test for saltpetre purity in, 106 
Syrians in China, 573 
Szechuan, 534, 598 


Ta-Chha-Ma-Shih-Li (Mongol general), 306 

Ta-Chhin, 442. See also Byzantium 

Ta Chhing Shéng Tsu Jen Huang Ti Shih Lu (Veritable 
Records of the Benevolent Emperor of the 
Great Chhing Dynasty Shéng Tsu) ed. Chiang 
Thing Hsi et al., 126 (д) 

Ta Chou ‘dynasty’, cannon of, 296 

'Ta-lien, fire-pot from, 76 (e) 

Ta Ming Hui Tien, 292 (h) 

Та-ро Chhih (Big Wave Pond) ) water-combat 
exercises on, go 

Tabriz, colony of Italian merchants at, 576-7 

Табити. афа) а-аа fi Kagfüyet al-Najah fi- 
hodh aeasmashr ain аат. fíüi-udad wasl 
älät al-mu'ina 'alá ligg’ at-a’ dz’ (Information for 
the intelligent оп how to Escape Injury in 
Combat; and the unfurling of the Banners of 
Instruction on Equipment and Engines which 
assist та Encounters with Enemies) by Murda 
ibn "Ай ibn Murda al-Tarsüsi, да 

Taccola, Marianus Jacobus, and. the München 
Codex, 197, 51 

Tacitus, History, 67 

Tactics of the Emperor Leo, 78 

Tai Ming, and the fo-lang-cht cannon, 372 
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Tai Tzu (Tai Wén-Khai) 
century), 408-11 
Taiheki (Records of the Reign of Great Peace), 
178 (d), 295 
Taiping Rebellion, 466 
Takeda Harunobu (Takeda Shingen), 469 
Takeda Katsuyori (Japanese general), 467 
Taku Forts, Chinese cannon from, 334, 396 
Tamerlane (Amir Taimur). See Timur Lang 
Tanaka Katsumi (1), 407 (a) 
Tang-thu, siege at, 156 
Tanguts, 574 
tank warfare, 572 (d) 
tanks, proto-, 252, 421 
Tao Tsang, 97 (g)(h), 98 (а) (d) (е), 
115 (b), 116 (c) 
Тао-Үй, work on the Lung Mên Hsia gorge of, 539 
Taoism, Taoists, 126 (f), 561 
early reference to gunpowder ingredients in 
Taoist book, 1, 112 
Taoist alchemists and the invention of gun- 
powder, 15; and secrecy, 541-2 
Taoist adept passes on a book on fire-weapons, 
29-30 
close relations with the military of, 117 
Taoist designer of weapons, 243 
veneration of machines by, 392 (b) 
martial arts and, 470 
on knowing but refraining, 471—2 
Taoists on the moon, 523 
See also alchemy 
tarantula venom, 353 
Tartaglia, Nicola (scientist, 16th century), 390 
‘Tartar’ servants in Italy, 464 
‘Tartars’ and Berthold Schwartz, 53 
Tartars, Chhitan, 80-1, 126 and (f) 
"Tartars, Chin/Jurchen Chin 
at war with the Sung, 2, 8, 16, 89; capture of 
war material, 154; use of gunpowder weapons, 
155-7; at Khaiféng, 165; Tshai-shih, 165-7; 
Haochow, 167; Hsiang-yang, 168-9; Chhi- 
chou (thich huo phao), 169-70; Té-an (huc 
chhiang), 222; no rockets, 473 
at war with the Mongols, at Khaiféng (chen thien 
lei fei kuo chhiang), бо, 171-3; on the Yellow 
River (chen thien lei), 171; near Kuei-Té (huo 
chhiang thu ju), 226, 229 
and Li Chhüan, 230 
handgun, 293-4 
Tartarus, 78 (a) 
Tavernier, J. B. (Tavernarius), 54, 55, 211 (h), 529 
Taylor, J. (1 495 Œ) (8) à) 0) G), 505 (b), 
505 (a). (c) (е) (£) (д), 509 (b) (0), 520 (с), 522 
(bi (e) (9) (B); 524 (e), 525 (а) (b) (е) 
Taylor, Sherwood (4), 80 (а) 
Té-an, siege of, 22—3, 156 
Té-An Shou Chiing Lu. See Shou Chhéng Lu 
Teixeira. (Correa; Gongalva [Kung Sha TiHs- 
Lao]) (Portuguese artillery captain), 392-3 
telescopes, used with artillery, 412-13 
Téng Ssu-Yà (3), 467 (b) 


(inventor, +17th 


111 (е), 
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Têng Ssu-Yü & Fairbank (1), 466 (j) 

Téng Than Pi Chiu (Knowledge Necessary for Army 
Commanders) by Wang Ming-Hao, 34, 37 
Téng Wu Shih Phien (Records of a Journey up to the 

Cities of Wu) by Wang Chih, 133 

Téng Yü (defender of Nanchhang), 306 

teppó (iron phao}, 295 

Teppó Bugyó (Commissioner of Guns), 469 

Teppó-ki (Record of Iron Guns) by Nampo Bunshi, 
430 

terminology, problems in, 11—12, 130, 373 (g) 

See also Asiao, huo chien, huo shou, naft, phao etc. 

terrene (related to the element Earth), 100 

tetsuhó (iron bomb-shells), 178 

Thai-Chhing Ching Thien-Shih Клои Chuéh (Oral 
Instructions from the Heavenly Masters оп 
the Thai-Chhing Scriptures), 98 

Thai-Chhing Tan Ching Yao Clhüeh (Essentials of the 
Elixir Manuals, for Oral Transmission) prob. 
by Sun Ssu-Mo, 114 (f) 

Thai Pai Yin Ching (Manual of the White (and 
Gloomy) Planet) by Li Chhüan, t9, 70, 93 (c), 
117, 146 (а), 148 (a) (bj, ary (c) 213 (4), 
221 (b), 502 

Thai-Phing Huan Yu Chi, 86 (c) 

Thai-Phing Kuang Chi, 112, 137 

‘Thai Tsu/A-Pao-Chi (ruler of the Chhi-tan [Liao]), 
81 

Thai Tsu Shih Lu Thu (Veritable Records of the 
Great Ancestor (of the Chhing Dynasty) with 
Tilustrations), 189 (b) 

battle pictures showing i7th-century artillery, 
398-407; mobile ramparts, 421, 422 fig. 163 

Thai Tsu (Emperor Kao Huang Ti). See Chu Yuan- 
Chang 

Thai Tsu (Sung), and the attack on Nan Thang 
State, 148, 154 

Thailand, 362 (d), 528-9 

Thaiwan (Formosa), 273~4 

Thaiyuan Provincial Historical Museum, 303 

thalj al-Sin (Chinese snow), 41, 108 

Than Kuang (Ming officer), 313 

Thang Chung-Yu (provincial governor, + 12th 
century), 132 

Thang dynasty 

gunpowder ingredients mixed, 1, 7 
steam in sterilisation, 2 
gunpowder weapons, 16 
fire-arrows, 19, 472 

petroleum a wonder, 35 

saltpetre, 97-8 

and fireworks, 136, 146 (f) 
depiction of weapons, 223 

huo thing as fase, 304 

fire-setting, 539: vinegar in, 534 

Thang Fu (inventor of novel fire-weapons, + 1000), 
бо, 92 (£), 149, 511 

Thang Mei-Chün (ғ), 273-4 

Thang Shun-Chih, 33 

See also. Wu Pien 
Thang Tai Tshung Shu, 86 (c) 
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Thang Tao. See Chien-Yen Té-an Shou Үй Lu, Shou 
Chhéng Lu 
Thang-tao island, naval battle +1161, 60, 156-7 
Thang Yeh Chen Jen Chuan (Biography of the 
Perfected Sage Yeh of the Thang) by Chang 
Tao-Thung, 523 (k) 
Thang Yü-Lin (warlord), cannon of, 394 
Thao Méng-Ho, 20 (b) 
"Theophanes, ‘ Chronographia’, 77 
Thieh Li (hunter of foxes), 168 
Thien Kung Khai Wu (The Exploitation of the Works 
of Nature) by Sung Ying-Hsing, 36, 82 (d), 
104 (f), 126, 378 (f), 432 (a), 437 (в) 
on the preparation of saltpetre for gunpowder, 
102-3 
on the ‘match for ten thousand enemies’ bomb 
(wan jen ti), 187 
on a sea-mine, 205, 206 fig. 37 
on metals for guns, 339 (f); on cannon, 339 (f) 
on the nature of gunpowder ingredients, 362 
on match-lock muskets and their making, 437-8 
Thien Than (a general of Chhi, — grd century), 70, 
213 (а) 
Thien Wén (Questions about the Heavens), ode, 
531 (f) : 
Thing Hsün Ko Yen (Talks on the Experiences in the 
Hall of Edicts) by Aihsin-Chiieh Lo Hsüan- 
Yeh (Khang-Hsi Emperor of the Chhing), 
126 (g) 

third-class citizens, 209 (c), 573 

Tho-kho-tho, Inner Mongolia, bombards from, 
298 

Thor (1), 508 (e); (2), 508 (a) 

‘thorn’. See drills 

Thorndike (1), 39 (bj, 47 (h) (0), 48 (5), 50 (a) (e) 

Thu Chi (1), 225 (c) 

thu huo chhiang (' flame-spurting lance"), invented at 
Shou-chhun-fu (+ 1259), бо, 62, 227, 230 

Thu Shu Chi Chhéng (Imperial Encyclopaedia) ed. 
Chhen Meng-Lei, 35 (a), 284 

"Thucydides, 65, 66 (a), 67 (a) 

Thudichum (1), 104 (Ñ 

thunder 

said of weapon noise, 25 (a), 41, 48, 68, 170, 230, 
363 
theories concerning, 102, 363 

thunder-god vine (lei théng) (Tripterygium wilfordii), 
in gunpowder mixtures, 361 

thung, use of the term, 248 

Thung Chien Kang Mu, 172 (c) 

Thung Tien (Comprehensive institutes) by Tu Yu, 
146, 221 (a) 

Thung-Wén (1), 112 (g) 

Thung. Ya (Helps to the Understanding of the 
Literary Expositor}. by Fang I-Chih, 148 (e) 

Thurston (1). 556 (в), 558 (c) (D, 562-(e) 

й lao shu, See * ground-rats' 

tt shuang, as saltpetre, 96 

Tiao Chi Li Than (Talks at Fisherman's Rock) bv 
Shih Hsti-Pai, 89 

"Tibet, matchlocks in, 466 
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tiger-poison, 180 (j), 218, 240, 248 (f), 267, 270, 
502 
tiller, new type of, 455 (c) 
timber shortage and gunpowder blasting in Europe, 
535 and (b) (c) 
Timur Lang (Tamerlane) (Ti-Mu-Erh Wang), 58 
and (b), 69 
Timurid dynasty, 464 
Timurid Persian embassies, 464 (d), 514 
tinder (kuang hao i huai), 123 
Ting Kung-Chhen (19th-century gunnery expert), 


364 

Tinghai forts, 187 (f), 520 

Tinqua, 205 (g) 

Tipü Sahib, Raja of Mysore, 517 

tiros de hierro, 578 

Tissandiedier (7), 139 (f) 

To Ssu-Ma (supposed officer-in-charge of fire-arms 
in Rim), 441-2 

toad venom, in gunpowder mixtures, 180 (g), 
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Tokitaka (lord of Tanegashima), and the Portuguese 
musket, 430 

Torgashev (1), 96 (c) 

torpedo, 208 (e), 566 (f) 

Torrance (2), 539 (a) 

Torricelli (scientist, + 17th century), 390 

and the study of the vacuum, 555 

Tout (1), 259 (g), 321 (h) 

Tower of London Armouries, weapons in, 320, 331, 
337 (а), 339 (e), 368 (с), 369 (a), 370, 371, 
380, 384, 396-7, 421, 426-7, 455 (b), 457 

towns, walled, 390 

‘mobile city walls’ (Asing chhéng), 415 

trade, in gunpowder and ingredients, 126 

trail, of a field-gun, 418 

Translation Bureau (Fan I Kuan), 365 

transmission of gunpowder technology from China 
to Europe, 568-78 

three separate transmissions, 570 

‘transmission clusters’, 202, 464, 569 

Trauzl test, for explosive force, 552 

travellers east, medieval, 49, 570-1 

trebuchets, 19 (f), 35, 38, 117, 120, 124, 125, 148, 
158, 163, 284, 335 (a) 

phao, huo phao (trebuchet), discussion of the term, 
B, 11 (c), 22, 276-84 

hui-hui phao (counterweighted), an Arab improve- 
ment, 16; used by the Mongols at Hsiang-yang, 
64, 175, 277, 573-4; in the Ming Shih, 310; 
thou chhé (shielded), 277 

Arabs and, 16, 44, 46, 74, 5733 maghribd machines, 
69 

at Thang-tao, 60 and (c) 

Mongols and, 89, 156, 173, 178, 572 

five-pole and naval (Sung), 156 

mobile, 157; hsing phao chhé, 277; with mobile 
shields, 415 

See also fa chih fei huo under fei huo, hu tun phao 

Trench (1), 448 (b) 

trench, to protect gunners, 378 

Trevithick, Richard (engineer), 565 
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triers or testers (pulverprober or éprouvettes) of gun- 
powder, 547-52 
‘whirling height éprouvette’, 552 
triggers, 196, 464-5, 446 
origin of, 425 (a) 
hair-trigger, 429 (a) 

tromba and derivatives, trombe, ‘trumba’, trump or 

trompe à feu, 259 
trunks, trombe di fuocho, 261 
trumps at Malta, 261-2 
trombe de fuego, 262 

trombe (metallurgical bloweror mineventilator), 259 

troncus and derivatives, trunk, truncke, trunion, 
257 (g) 

truenos, 578 

trumps (fire-lances used in + 16th-century Europe), 
261-2 

Tsa Chi, 376 (e), 378 (a) (c) 

Tsao Chia Fa (Treatise on Armour-Making), 19 

tsao-hua hsün huan phao (‘successive rotation detach- 
ment musket system’), 448 (g) 

Tsao Shen Pei Kung Fa (Treatise on the Making of 
the Strong Bow), 19 

Tsé Kho Lu, 35. See also Huo Kung Chhieh Tao 

Tséng Hsien (military official, +16th century), 
202 (c) 

Tséng Kung-Liang. See Wu Ching Tsung Yao 

Tséng Kuo-Fan (founder of the An-chhing Ping 
Kung Chhang arsenal), 467 

Tshai-chou, attack on, 310 

Tshai-shih, Battle of (+1161), 30, 165-6 

Tshai Thien (alchemist), 541 

Tshao Pin (admiral, + 10th century), 89 

Tshao Shéng Yao Lan. See Wang Thao (1) 

Tshao Tshao, 28, 70 

Tshao Yuan-Yii (4), 85 (d), 92 (f) 

Tshé Fu Yuan Kuei, 86 (c 

Tshén Chia-Wu (1), 126 (f) 

Tsiolkovsky, Konstantin (Russian pioneer in space- 
flight theory), 506, 521-2, 524 

Tso Chuan, 532 

Tso Méng Lu (Dreaming of the Good Old Days) by 
Kang Yü-Chih, до 

Tsou folk of Formosa, 274 

tisou ma têng (the zoetrope), 136 

Tsunoda Ryosaku (2), 469 (i) 

Tsushima, battle of, + 1274, 295 

Tu Chhéng Chi Shéng (The Wonder of the Capital) by 
Mr Chao, 133 

Tu Hui-Tu (admiral), 147 

tu kuo (poison gunpowder) 

See gunpowder (‘poison’); also chemical warfare, 
poisons, smoke-bombs (toxic) 

Tu Shu Min Chhiu Chi (Record of Diligently Sought 
and Carefully Collated Books) by Chhien 
Tséng, 32 

Tu Ya-Chhüan ef al. (1), 193 (c), 512 (i) 

Tu Yü, 14 (b) 

tubes, 220, 272 

Tuge Hideomi (1), 471 (b), 543 (8) 

Tung Ching Chi (Records of the Eastern Capital) by 
Sung Min-Chhiu, 93-4 
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Tung Ching Méng Hua Lu (Dreams of the Glories of 
the Eastern Capital) by Méng Yuan-lao, 131 
Tung Chung-Kuei (Ming commander), 421 
Tung Hsi Yang Khao (Studies on the Oceans East 
and West) by Chang Hsieh, 86 (c), 88 
Tung Hsün (folklorist, + 3rd century), 138 
Tungfang Shuo (writer, — 2nd century), 128 
Tung-ling Po (Count of Tung-ling), 27 (b) 
Tunhuang, 440, 523 
banner with fire-lance from, 8, 12, 222-3, 224 
fig. 44, 225 fig. 45 
Turfan 
Turfan-Hami campaign, 440, 443 
"Turkish weapons (from Rüm) in, 441 
Turkestan, 443 
Turks, Ottoman, 261, 444 (a) 
artillery at the siege of Constantinople, 366 (f) 
the Turkish musket and the origin of the match- 
lock musket in China, 10, 440-8 
their possession of fire-arms, 443 
and the bayonet, 444 (c) 
See also Constantinople 
Turnbull (1), 429 (d), 467 (i) 
Turner (1), 347 (a) 
turnip, used in saltpetre purification, 104-5, 141 
turpentine, in trumps, 262 
*turtle-ships (kuei chhuan), 414 (c) 
Twitchett (4), 539 (h) (i) 
Typhoeus, 78 (a) 
tzu kho (as solid projectiles), 227 and (c) 
tzu pi huo mé (Huo Kung Wén Ta) [reference to a 
flintlock?], 466 (h) 
Tzu-thung, siege of, 148 


Uccelli (1), 565 (g) 

Uchatius (inventor), 412 

Udagawa Yéan et al. (2), 58 

Ufano, Diego (1), 262, 517 

Uighurs, 440 

*uncertain hyphen', 225 

Underwood (1), 152 (a) 

upas, as a blow-pipe poison, 272 (e) 

Urban (cannon-founder, adviser to Sultan Mehmet 
П), 366 (f) 

Urbański (1), 64, 110 (a) 

Ure (1), 56 (f) 

urine, in gunpowder mixtures, 180, 343-4 table 2, 
361 

Usher (1), 77 (a), 143 (d), 565 (g) 

Utagawa Kuniyoshi, 468 


V2 rocket, 522 
Vacca, Giovanni (sinologist, 1872-1933), 546 
vacuum, properties of the, 551, 553, 561 
used in the cupping vessel, 554; air-pump, 555; 
gunpowder engine, 556; steam-engine, 558-9; 
water-pumps, 562-4 
early Chinese creation of a vacuum, 561-2 
Valturio, Roberto, 218 
De Re Militari, 260, 267, 411 
Varagnac (1), 544 
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varnish, in gunpowder mixtures, 262 
chhou chhang shan (Orixa japonica), 362: 
vase-shape, of early bombards and hand-guns 
See bottle shape 
Vath (1), 393 (f) А 
vectored thrust, of a rocket, 522 (1) 
Vegetius, Rei Militaris Instituta, 66, 74 
vehicles, military 
two-wheel barrows, 321; gun-carriages, 337 
barrow, 378 
assault wheel-barrow, 380 fig. 139 
shielded vehicles, 415 
battle-carts, 415-21 
lu chio chhé ying (* deer-horn cart camp’), 415 
* wheel-barrow' for rocket-launchers, 495 
*combat wheel-barrow', 514 
rocket-driven, 516 (h) 
Venetians, 79, 516 
use of gunpowder on wrecks, 535 (b) 
use of brass cartridges in blasting, 537 (c) 
Venturi ' waist’/nozzle, of the rocket, 483 
Verbiest, Ferdinand (Nan Huai-Jen), 10, 55 (e), 
409, 410 (b) 
as cannon-founder, 394-8 
Shen Wei Thu Shou, 398 (c) 
Verein f. Raumschifffahrt (Space-Flight Society), 
522, 524 
Verey lights, 506 (b), 512 (d) 
Vergani (1), 535 (b); (2), 537 (c) 
Vergil, Aeneid, 66 
‘versos’ (berços), breech-loader, 366 
‘veuglaires’, breech-loaders, 366 (d) 
Videira-Pires (1), 392 (f) 
Vietnam. See Annam, Champa 
Vilinbakhov (1), 577 (f) 
Vilinbakhov & Kholmovskaia (1), 64, 577 (f) 
Vilioni, Catherine de (d., at Yangchow, +1342), 
578 
Vilioni, Pietro (Venetian merchant in Tabriz, d. 
+ 1264), 577 
vinegar, and fire-setting (‘hot mining’), 534-5 
Visdelou, de, & Galand, ‘Supplément’ to the 
Bibliothéque Orientale of d'Herbelot (1), 60 
Vitruvius, De Architectura, 73, 77 (а), 555 (b) 
Volga, River, 575 
Volta, Alessandro, 565 (j) 
Vonnegut, Bernard, and ‘cloud-seeding’, 527 
Vossius, Isaac (author of the Variarum Observa- 
tionum Liber), 54-6 
Vozàr (1), 535 (c) 
vuurpijlen (Dutch word for rocket = fire-arrow), 
473 (с) 


Waard, de (1), 555 (с) 

Wagenburg (of the Hussites), 415 (b), 421 (a) 

Wailly, de (1), 55 (b) 

Wakeman (2), 189 (d) 

Wales, use of gunpowder for blasting in, 536 (d) 

Waley (1), 1 (b); (26), 465 (g); (31), 523 Q) 

‘Wan Hoo’ (supposed official of the Ming period), 
509 (f) 
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Wan Pai-Wu (1), 202 (е) 

Wang Chhéng-Té, rock-cutting technique of, 543 

Wang Chih-Yuan. See Khai-Hsi Té-an Shou Chhéng 
Lu 

Wang Chung-Shu (1), 120 (1) 

Wang Fan, and the establishment of the National 
Arsenals Administration, 173 (d) 

Wang Fou (writer, + 3rd century), 128 

Wang Hung/Wang Chhéng-Chai (naval com- 
mander, + 16th century), 369, 376 

Wang Jen-Chün (1), 58, 306 (i), 467, 575 (9), 
577 (8) 

Wang Jung (1), 63, 289, 296 (f), 297 (a), 325 (а) 

Wang Khuei-Kho & Chu Shéng (2), 112 (8), 
116 (c) 

Wang Ling, 64; (1), бо (c) (f), 63, 82 (а) (с), 
97 (b), 113), 120 (е), 129 (a), 130 (f), 
132 (c), 137 (d), 153, 154 (е), 166 (g), 175 (b). 
178 (a), 225 (b), 228 (g), 295 (c) (9), 431 (9), 
511 (b) 

Wang Ming-Hao. See Huo Kung Ип Ta, Ping Fa 
Pai Chan Ching, Téng Than Pi Chiu 

Wang Shen-Chih (founder of the Min State), 541-2 

Wang Ssu-Chéng, and the use of fire-arrows, 147 

Wang Thao (1), 411 (8) 

Wang Wên Chhéng Kung Chhüan Shu (Collected 
Writings of Wang Shou-Jen [Wang Yang 
Ming]), 372 

Wang Yang-Ming (philosopher, d. +1529), 372 

Wang Үй (1), 59 (е) 

war fire, Greek recipe for, 66 

Ware (5), 119 (b) (9) 

warfare, professionalisation of, 17 

warnings, of the dangers of making gunpowder, 11:. 
na 

Warring States 

casting of iron; 315 (b), 412 

military cart, 415 

home of the cross-bow, 465 
warships, equipment of, 156, 292 (h), 296 (g), 408 

paddle-boat warships at Hsiang-yang, 174 
watch-towers, 321 (e); 331 

beacon-towers, 146 

Han, mobile, 415 

water«gas generators, for trucks, 566 (c) 

*watet-rats? (shui su), 135, 141, 143, 473, 512 (€. 
516 (c), 529 (0) 

Waterhouse (1), 469 (i) 

water-proofing, of bamboo, with boiling oil, 193 (c) 

Watson (1), 347 (a); 525 (c) 

Wart, James (engineer), 558, 565 

Wattendorf & Malina (1), 524 (g) 

wax, in gunpowder and proto-gunpewder mix- 
tures; 119-30, 122, 123, 34374 table 2 

weather modification and weather ceremonies, 
527-33 

Wei Chow- Yuan (1); 96 (c) 

Wei Kung Ping Fa. (Military Treatise of Li Wei- 
Kung) by Li Ching, 148 | 

Wei Kuo-Chung (1); 63 (g), 289, 293; 294 

Wei Láeh (Memorable Things of the Wei Kingdom) 
by Ya Huan, 147 
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Wei Mu-Thing (censor), 467 
Wei Pei project, 543 
Wei Shéng (Sung commander), бо (c), 157, 415 
Wei Shéng (volunteer officer, + 16th century), 372 
Wei-yang, destruction of the arsenal at, 209 
Wei Yuan & Lin Tsé-Hsii (1), 38, 205, 364 (b) (с), 
381 (e), 412 (a), 466 (i) 
on the flint-lock musket, 465 
wei yuan chiang chün (long-range awe-inspiring 
general — a cannon), 315 (c), 409 
wei yuan phao (long-range awe-inspiring cannon), 
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Weig (1), 137 (b) 
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of Chinese cast-iron ordnance, 396 (a) 
of a 16th-century matchlock, 428; of the Rüm 
musket, 444 
weight-drive, 199-203 
Weindl, Kaspar, and the use of gunpowder for 
blasting, 535 
Weingart (1), 65 
Welborn (1), 39 (i) 
Wén Hsüan (General Anthology of Prose and Verse) 
ed. Hsiao Thung (prince of the Liang), 274 (c) 
Wén Li Su (Questions on Popular Ceremonies and 
Beliefs) by Tung Hsün, 138 (a) 
wén liang chan (* warm-cool cup’), 57! 
Werhahn-Mees (1), 34 (c) 
Werner (1), 531 (f), 532 (с); (4). 130 (c). 532 (b) 
Wescher (1), 66 (d), 79 (b) 
Western Liao State, 574 
Western. World, 8, 37, 38, 128, 391, 444 (a), 466, 
470 
erroneous cliché concerning China and gun- 
powder, 14, 128 
use of incendiary devices in antiquity in, 65-7; 
Greek Fire and petrol flame-throwers, 7374; 
77-80 
cross-bow in, 465 
trigger mechanism in, 465 
rocketry in, 506-9, 516-24 passim 
fire-setting in, 533-5 
See also Europe, transmission 
wheelbarrows, military, 514 
for rocket-launchers, 495 
Whinyates (1), 520 (b) 
‘whirling height éprouvette’, 351, 552 
White, John (1), 544 
White, Lynn (7), 15 (b) (с), 273, 547: (20), 516 (b), 
547 (d) 
Whitehorne (1), 347 (à) 
Wickham, Richard (of the East India Company), 
469 (h) 
Wiedemann (7), 43 (f); (23), 80 (c) (е) 
Wiedemann & Grohmann (1), (80 (c) 
Wieger (1), 70 (е) 
Wiener. Waffensamimlung, 552 (f) 
(2.534 (0 
e, J. Ж. and artificial anow-crystals, 527 (8) 
Williams (1), 25 (b), 98 (с), 358, 532 (d) 
Williamson (1), 173 (3) 
wind-socks, 158 (b), 572 (f) 
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wings, for rockets, 495-505 

Winter (1), 68 (а), 517, 518 and (c), 529 (9); (2), 
520 (с); (3), 520 (d); (5), 49 (b. 473 (9), 
520 (f), 529 and (f) (n) 

Wittfogel & Féng Chia-Shéng (1), 81 (a), 92 (c) 

Wolf (1), 555 (c) (f), 556 (g), 564 (b); (2), 565 (€) 

woif dung, in gunpowder compositions, 267, 362, 
363 

wood, for gun-stocks, 446 

Woodcroft (1), 143 (d), 551 (£), 555 (b) 

Wu Ching Shéng Lüeh (Essence of the Five Military 
Classics, for Imperial Consultation) by Wang 
Shu, 19 

Wa Ching Tsung Yao (Collection of the Most 
Important Military Techniques) ed. Tséng 
Kung-Liang assisted by Yang Wei-Té, 2, 38 
and (e), 50 (k), 86 (b), 247, 472, 502, 509 

on ‘gunpowder whip-arrows' (hue yao pien 
chien), 11, 149-53, 157 (9) 

on the kuo chien. as an incendiary arrow, 11, 477 

as a primary source for the study of gunpowder, 
18-22 

on the ‘crouching tiger phao’ (hu tun phao), 21~2, 
277, 278 fig. 74 

оп incendiary projectiles and fire-balls, 70-3, 154, 
157-61; thunderclap bomb, 163 

on a Greek Fire flame-thrower pump with gun- 
powder slow match, 82-5 

on molten metal ‘bombs’, 93 (c) 

its gunpowder formulae described and assesscd, 
117-25; nitrate content examined, 342-51 
passim, 543 

on fire-birds and -beasts, 211; fire-soldiers, 213 

substitute bombard illustrations in, 277 

See also Wu Ching Yao Lan 

Wu Ching Yao Lan (Essential Readings in the Most 


Important Military Techniques), an edition of 


the Wu Ching Tsung Yao, 20, 21, 22, 153 (h), 
276 


Wu Hsien Chih (Local History and Geography of 


Suchow), 412 

Wu 1 Thu Phu Thung Chih (llustrated Military 
Encyclopaedia), 331 

Wu Li Hsiao Shih (Small Encyclopaedia of the 
Principles of Things) by Fang I-Chih, 36, 
54 (а); 137, 148 (e), 166 (e) 

on the.'fire-ox' (iuo niu), 213 

Wu Lin Chiu Shth (Customs and Institutions of the 
Old Capital) by Chou Mi, 132 (j), 133, 234, 512 

Wu Lich Huo САМ Thu Chuo. See Hu Tsung Hsien 

Wu Lieh Shen Chi (The Magically (-Effective) Arm 
in Various Tactical Situations) by Hu Hsien- 
Chung, 36 

Wau Liek Shen Chi Huo Yao. See Hu Tsung Hsien 

Wa Pet Chhüen Shu (Complete Collection of Werks 
оп Armament Technology), 36 

Wu Pei Chik (Treatise on Armamierit Technology? 
by Mao Yuan-1, 26, 32, 37; 41 (e), 63, 76 (a) 
(cj (e)-G), 81. (5), до. (59, 144, 157 (D, 163 (b). 
186, 19а (a), 193 (a) (d), 196 (а) (e) (а), 199, 
211 (f) (g) (D, 213 (b) (0) (е) (С), аад (с), 232 
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(a) (с) (£), 236 (d), 240 (b) (f), 243 (a) (d), 
247 (b) (d) (D, 248 (е) (F) (8), 252 (а), 254 (b), 
264 (a) (f), 267 (a) (d) (e), 315 (c), 317 (a) 
(С), зат (b) (e) (8), 325 (b) (e) (в), 330 (a) 
(b) (с), 360 (i), 378 (a) (е), 432 (c) (d), 437 
(b), 438 (b), 441 (f), 474 (b), 476 (a), 477 (b) 
(0), 488 (e) (f) (g) (h), 498 (e), 508 (f) (b), 
514 (a) 
as a source book, 34; a prohibited book, 35 
on molten metal ‘bombs’, 93 (c) 
on the true fire-arrow, 154 
on a firing mechanism for a land-mine, 203 
on a ‘wooden fire beast’, 218 
on fire-lances, 233-4; the ‘mattock gun’, 248; a 
bamboo-barrel gun, 251; an eruptor, 270 
its list of gunpowder compositions, 345; on gun- 
powder manufacture, 358-9 
on a rack-and-pinion firing device for a musket, 
446; ring-rest for musketeers, 448 (g) 
on lance-guns with serpentines, 455-9 
on the ‘rocket-arrow’, 478-86 passim 
on rocket-launchers, 488-95 possim 
on a winged rocket-homb, 502 
on a ‘comet bomb’, 512 
Wu Pei Chih Lüeh (Classified Material from the 
Treatise on Armament Technology) ed. Fu 
Үй, 34 () 
Wu Pei Chik Shéng Chih (The Best Designs in 
Armament Technology) by Mao Yuan-1, 34 (j) 
Wu Pet Hsin Shu. See Chhi Chi-Kuang 
Wu Pet Huo Lung Ching (The Fire-Drake Manual and 
Armament Technology) [a version of thé Huo 
Lung Ching], 24, Зо (h), 145, 213 (e) (f), 
229 (c), 247 (c) (d), 325 (b) (c), 361 (а) (3), 
362 (d) 
as a version of the Hao Lung Ching and as a 
primary source, 26—7 
the huo lung chhiang (fire-drake spear or lance) in, 
31-2 
its formula for а slow-burning material, 203 
on the 'fire-ox', 213 
its gunpowder compositions, 342 (f), 345 
Wu Pien (Military Comperidium) by Thang Sbun- 
Chih, 33,.96, 335 (9), 393; 512 
on the equipment of army units, 337-9 
data on the nitrate composition of gunpowder, 
351, 352 fig. 126 
on the nature of gunpowder ingredients, 360 


Wu San-Kuei {proclaimer of the Chou dynasty), 


394-5, 413 

Wu Shih Pin Tshao (Mr Wu's Pharmaceutical 
Natural History) by Wu Phu, 108 

Wu Shik Thao Lieh (À Classified. Quiverful of 
Military Tests} by Wang Wan-Chhing, 36 (а; 


Wu Tai dynasty 


wide military use of gunpowder, 16 
fire-lance origins, 223 
Wu Fat Shih Chi (Hsin Wo Та Sjuh) (New чо 
of the Five Dynasties} by Ouyang Hsiu, 86 
Wa Ti Chen Ghhüan (Reliable Explanations of 
invincibility), 24 
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Wu Tu Fu (Ode on the Capital of the Wu Kingdom) 
by Tso Ssu, 274 
Wu Yang-Tsang (1), 543 
Wu Yuan (Origins of Things) by Lo Chhi, 38, 59 
its statement on the invention of gunpowder 
fireworks examined, 136-7 
Wu Yüeh Pei Shih (Materials for the History of the 
Wu-Yiieh State in the Five Dynasties Period) 
by Lin Yü, 81 
Wu Yüeh State 
fierce fire-oil from, 81 
fire-arrows from, 148 
Wuttke (1), 528 (b) 
Wylie (1), 59 (g), 88 (d) 
Wyngaert (1), 578 (i) 
Wynne-Jones (1), 536 (d) 


Xenophobia, 471 


Yadin (1), 65 (d) 
Yamada Nakaba (1), 178 (e) 
Yang An-Kuo (military adventurer, d. + 1215), 230 
Yang Fu-Chi, author of the preface of +1753 to 
the Huo Hsi Lüch, 134 (e), 139 
Yang Hsüan (governor, + 2nd century), 167 
Yang Hsün-Chi (И. + 1465 to + 1487), 135 
Yang Hung (1), 17 (a), 415 (c) 
Yang Hung (Ming border commander), 314 
Yang Khuan (1), 167 (e) 
Yang Lien-Shéng (3), 577 (h); (11), 539 (J) 
Yang Miao-Chen (wife of Li Chhüan), 229 (f) 
Yang Phao-Shou (gunner), 306 
Yang San (Pedro) and the fo-lang-chi cannon, 372 
Yang Shan (Ming warden of the Marches), 314 
Yang Ti (Sui emperor), 59, 136-7 
Yang-tzu bridge, Sung battle against the Mongols 
at, 227 
Yang Wang-Hsiu (+ 12th century official), 534 
Yang Wei-Té. See Wu Ching Tsung Yao 
Yang Wu-Lien, work on the San Mén Hsia gorges 
of, 539 
Yang Wu-Min (1), 525 (f) 
Yang Yao (bandit chief), 167 
Yangchow, siege of (-- 1231), 230 
Mongol attacks on, 169, 227 
colony of Italian merchants at, 578 
Yangtze River, battles on, 89, 166 
yao shih (explosion- or gunpowder-chamber), 289 
Yasaka Kinbei Kiyosado (Japanese metal-worker), 


430 
Yates (1), 19 (е); (3), 2 (d), 66 (b) 
Yellow River 
battle to prevent the Chin Tartars crossing 
(+1126), 89; naval battle between Chin and 
Mongol on (+1231), 171 
rock-cutting along, 534, 543 
Yen, Prince of, 514 
yen huo (fireworks, smoke-fires), 131, 137 
Yen Lo Tzu (the Smoky Vine Master, + 10th 
century), 112 (8) 
Yen Po-Thao (Governor), cannon cast by, 411 (в) 
Yen Tun-Chieh (20), 115 (b) 
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уеп wei chu (‘swallow-tail incendiary’), 70-1 
Yi Sunsin, Admiral, ‘turtle-ships’ of, 414 (c) 
Yi Yangson (inventor of a bomb-throwing mortar), 
381 (f) 
Yin-Yang theory, 7, 15 (b), 100 (c), 101, 362, 391 
Ying-chou, Kweichow, fire-lances made in, 314 
Ying Huan Chih Lüeh (Geography of the Vast 
Sphere) by Hsü Chi-Yu, 58 
Ying Tsung (Ming emperor), 314 
Yo Fei (Sung general), 167 
Yo I-Fang (presenter of a new type of fire-arrow), 
48, 511 
Yoneda (1), 96 (c) 
Yoshida Mitsukuni (7), 98 (b) 
Yü-chang (mod. Nan-chhang), attack on (+904), 
85 
Yü Chhien Chün САМ Chi Mu (Imperial Specifications 
and Models for Army Equipment), 19 
Tü Chih Thang Than Wei (Thickets of Talk from the 
Jade-Mushroom Hall) ed. Hsü Ying-Chhiu, 87 
Tü Hai (Ocean of Jade Encyclopaedia) by Wang 
Ying-Lin, 473 (a), 514 (d) 
Yu Hsü (engineer-official, + 2nd century), 539 
Yü Ssu Chi. See Chang Hsien 
Yü Thung-Hai (naval commander at Po-yang 
Lake), 307 
Yü Tung Hsü Lu Tsé Chhao Wai Phien (Further 
Collection of Selected Excerpts from the ‘ Lake 
Winter Talks’) by Ho Méng-Chhun, 179 
Үй Wei (scholar), 575 (b) 
Yu-Yang Tsa Tsu by Tuan Chhéng-Shih, 75 
Yü Yün-Wén (Sung admiral), 165 
Yuan/Mongol dynasty, 313 (a), 467 
the ‘true gun’, ro 
rockets commonplace, 13 
few military compendia, 23-4 
an arsenal explosion, + 1280, 209 
bombards and hand-guns, 288-307 passim 
Nayan rebellion, 293-4 
Chang Shih-Chhéng rebellion, 295-6; 
thung, huo tsu, thieh tan wan), 304-6 
internecine strife, 306 
huo chien as rocket, 472; gunpowder for, 483 
employment of foreigners, 573 
See also Mongols 
Yuan Chhung-Huan (defender of Ningyuan, 
+ 1626), 189 (b) 
Yuan Huang Ching (The Original Yellow Canon), 


(Auo 


130 
Yuan Shih (History of the Yuan Dynasty) by Sung 
Lien, 156 (f), 171 (b), 173 (b), 174 (e), 293-4, 
306 (h), 543 (е) 
on the use of the fire-lance, 227 
Tuan Shu Tsa Chi (Records of the Seat of Govern- 
ment at Yuan (-phing)) by Shen Pang, 134-5, 


509 

Yuanchow Arsenal, 299 

Tüeh Ling Kuang I (Amplifications of the ‘Monthly 
Ordinances’) by Féng Ying-Ching, 130, 134-5, 
509 Я 

Tüeh Shan Tshung Than (Collected Discourses of 
Mr Moon-Mountain) by Li Wén-Féng, 373 
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Yule (1), 572 (e), 576 (d); (2), 464 (е) (f, 514 (j) алатай, 43 


Juloh scull ( yao lu), propulsion-oar propeller, 558 Zeimoto, Francisco (Portuguese, wrecked off 
Tün Lu Man Chhao (Random Jottings at Yün-Lu) Japan), 430 (b) 
by Chao Yen-Wei, 156 (b) Zenghelis (1), 67 (k), 79 (b) 
Tung Lo Ta Tien, 19 Zim (1), 509 (f) 
Yunnan, 529 Zimmermann, Samuel, of Augsburg (inventor of a 
firing device), 202-3 
Zach, von (6), 274 (c) zinc, 145 (g), 339 (f) 


Zahn, Johann, Oculus Artificialis Teledioptricus, 413 Ziska, Jan (Hussite general), 421 (a) 
Zaky (4), 41 (g) Zworykin et al. (1), 535 (c) 


694 TABLE OF CHINESE DYNASTIES 








Ж Нел kingdom (legendary?) С. —20C0 10 c. — 1520 
Tl  SHANG (YIN) kingdom €. —1520 to c. — 1030 
Early Chou period €. —1030 to — 722 
Jj Cuou dynasty (Feudal Chhun Chhiu period 3& $k — —722 to — 480 
Age) Warring States (Chan — 480 to — 221 
. Kuo) period # BY 
First Unification Ж Сннім dynasty —221 t0 —207 
oe Han (Earlier or Western) — 202 to +9 
{Ж Han dynasty ! Hsin interregnum +9 to +23 
co Han (Later or Eastern) +25 to +220 
= Ё San Коо (Three Kingdoms period) +221 to +265 
First 43 Эно (Han) +221 to +264 
Partition ga Wu +220 to +265 
RB We +222 to +280 
Second fi Снім dynasty: Western +265 t0 +317 
Unification Eastern +317 to +420 
14: (Liu) Sune dynasty +420 to +479 
Second Northern and Southern Dynasties (Nan Pei chhao) 
Partition ў Cunt dynasty +479 to +502 
g +. Liane dynasty +502 10 +557 
BE Сннем dynasty +557 to +589 
| Northern (Thopa) Wer dynasty +386 to +535 
1 4 Western (Thopa) Wer dynasty +535 to +556 
| Eastern (Тора) Wer dynasty +534 to +550 
db dR ^— Northern Снні dynasty +550 to +577 
db M] Northern Сноо (Hsienpi) dynasty +557 to +581 
Third BÉ Sur dynasty +581 to +618 
Unification BF Tunang dynasty +618 to +906 
Third Fr 4& Wu Tar (Five Dynasty period) (Later Liang, +907 to +960 
Partition Later Thang (Turkic), Later Chin (Turkic), 
Later Han (Turkic) and Later Chou) 
3X © Liao (Chhitan Tartar) dynasty +907 to 
West Liao dynasty (Qara-Khitai) +1124 to 
ШЖ Hsi Hsia (Tangut Tibetan) state +986 to. + 
Fourth Ж. Northern Sune dynasty 4-960 to 
Unification 4& Southern Sune dynasty +1127 to 
‚у Cum (Jurchen Tartar) dynasty T1115 to 4 
36 Yuan (Mongol) dynasty 4- 1260 to 
Hj Mine dynasty +1368 to 
Tf Синімо (Manchu) dynasty +1644 to 
БУ B iudi +1912 

















N.B. When п no. тойуна term i in brackets ё is givens the dynasty was purely Chinese. Where the 
overlapping of dynasties and independent states becomes particularly confused, the tables of Wieger (1) 
will be found useful. For such periods, especially the Second and Third Partitions, the best guide is 
Eberhard (9), During the Eastern Chin period there were no less than eighteen independent States 
(Hunnish tan, Hsienpi, Turkic, etc.) in the north. The term ‘Liu chhao’ (Six Dynasties) is often 







. ians of literature. Tt refers to the south and cavers the period from the beginning ofthe 
rd te the end of the 46th centuries, including (an Kuo) Wu, Chin, чч) Sung, pn Liang and 
2 Por ай details of reigns and rulers see Moule & Yes ex Я 
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ROMANISATION CONVERSION TABLES 


BY RonBiN BRILLIANT 


PINYIN/MODIFIED WADE-GILES 





Modified 

Wade-Giles Pinyin 
a chou 
ai chu 
an chuai 
ang chuan 
ao chuang 
pa chui 
pai chun 
pan chuo 
pang ci 
pao cong 
pei cou 
pén cu 
péng cuan 
pi cui 
pien cun 
piao cuo 
pieh da 
pin dai 
ping dan 
po dang 
pu dao 
tsha de 
tshai dei 
tshan den 
tshang deng 
tshao di 
tshé dian 
tshén diao 
tshéng die 
chha ding 
chhai diu 
chhan dong 
chhang dou 
chhao du 
chhe duan 
chhén dui 
chhéng dor 
chhih duo 
chhung e 


Modified 
Wade-Giles 


chhou 
chhu 
chhuai 
chhuan 
chhuang 
chhui 
chhun 
chho 
tzhu 
tshung 
tshou 
tshu 
tshuan 
tshui 
tshun 
tsho 

ta 

tai 

tan 
tang 
tao 


> 





Modified 

Wade-Giles Pinyin 
én jia 
éng jian 
érh jiang 
fa jiao 
fan jie 
fang jin 
fei jing 
fen jiong 
féng jiu 
fo ju 
fou juan 
fu jue 
ka jun 
kai ka 
kan kai 
kang kan 
kao kang 
ko kao 
kei ke 
kén kei 
kéng ken 
kung keng 
kou kong 
ku kou 
kua ku 
kuai kua 
kuan kuai 
kuang kuan 
kuei kuang 
kun kui 
kuo kun 
ha kuo 
hai la 
han lai 
hang lan 
hao lang 
ho lao 
hei le 
hén lei 
héng leng 
hung li 
hou lia 
hu lian 
hua liang 
huai liao 
huan lie 
huang lin 
hui ling 
hun liu 
huo lo 
chi long 


Modified 
Wade-Giles 


chia 
chien 
chiang 
chiao 
chieh 
chin 
ching 
chiung 
chiu 
chü 
chüan 
chüeh, chio 
chün 
kha 
khai 
khan 
khang 
khao 


697 


Modified Modified 
Pinyin Wade-Giles Pinyin Wade-Giles 
———— ÁO Pc a ER MEN 
lou lou pa pha 
lu lu pai phai 
lü hi pan phan 
luan luan pang phang 
lüe lüeh pao phao 
lun lun pei phei 
luo lo pen phén 
ma ma Т peng phéng 
mai mai pi phi 
man man pian phien 
mang mang piao phiao 
mao mao pie phieh 
mei mei pin phin 
men mén ping phing 
meng méng po pho 
mi mi pou phou 
mian mien pu phu 
miao miao qi chhi 
mie mieh qia chhia 
min min qian chhien 
ming ming qiang chhiang 
miu miu qiao chhiao 
mo mo qie chhieh 
mou mou qin chhin 
mu mu qing chhing 
na na qiong chhiung 
nai nai qiu chhiu 
nan nan qu chhü 
nang nang quan `. chhüan 
nao nao que chhüeh, chhio 
nei nei qun chhün 
nen nén ran jan 
neng néng rang jang 
ng ng rao jao 
ni ni re je 
nian nien ren jén 
niang niang reng jéng 
niao niao ri jih 
nie nieh rong jung 
nin nin rou jou 
ning ning ru ju 
niu niu rua jua 
nong nung ruan juan 
nou nou rui jui 
nu nu run jun 
nü nü ruo jo 
nuan nuan sa sa 
nüe nio sai sai 
nuo no san san 
o o, é sang sang 





Modified Modified 
Pinyin Wade-Giles Pinyin Wade-Giles 
se sé wan wan 
sen sén wang wang 
seng séng wei wei 
sha sha wen wén 
shai shai weng ong 
shan shan wo wo 
shang shang wu wu 
shao shao xi hsi 
she shé xia hsia 
shei shei xian hsien 
shen shen xiang hsiang 
sheng shéng, séng xiao hsiao 
shi shih xie hsieh 
shou shou xin hsin 
shu shu xing hsing 
shua shua xiong hsiung 
shuai shuai xiu hsiu 
shuan shuan xu hsü 
shuang shuang xuan hsüan 
shui shui xue hsüeh, hsio 
shun shun xun hsün 
shuo shuo ya ya 
si ssu yan yen 
song sung yang yang 
sou sou yao yao 
su su ye yeh 
suan suan yt i 
sui sui yin yin 
sun sun ying ying 
suo so yo yo 
ta tha yong yung 
tai thai you yu 
tan than yu yü 
tang thang yuan yüan 
tao thao yue yüeh, yo 
te thé yun yün 
teng théng za tsa 
ti ‘thi zai tsai 
tian thien zan tsan 
tiao thiao zang tsang 
tie thieh zao зао 
ting thing ze tsé 
tong thung zei tsei 
tou thou zen tsén 
tu thu zeng tséng 
tuan thuan sha cha 
tuj thui zhai chai 
tun thun zhan chan 
tuo tho zhang chang 
wa wa zhao chao 
wal wai zhe ché 
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Modified Modified 
Pinyin Wade-Giles Pinyin Wade-Giles 
zhei chei zhui chui 
zhen chén zhun chun 
zheng chéng zhuo cho 
zhi chih zi tzu 
zhong chung zong tsung 
zhou chou zou tsou 
zhu chu zu tsu 
zhua chua zuan tsuan 
zhuai chuai zui tsui 
zhuan chuan zun tsun 
zhuang chuang zuo tso 

MODIFIED WADE-GILES/PINYIN 

Modified Modified 
Wade-~-Giles Pinyin Wade-Giles Pinyin 
a a chhio que 
ai ai chhiu qiu 
an an chhiung qiong 
ang ang chho chuo 
ao ao chhou chou 
cha zha chhu chu 
chai chai chhuai chuai 
chan zhan chhuan chuan 
chang zhang chhuang chuang 
chao zhao chhui chui 
ché zhe chhun chun 
chei zhei chhung chong 
chén zhen chhü qu 
chéng zheng chhüan quan 
chha cha chhüeh que 
chhai chai chhün qun 
chhan chan chi ji 
chhang chang chia jia 
chhao chao chiang jang 
chhé che chiao jiao 
chhên chen chieh jie 
chhêng cheng chien jan 
chhi qi chih zhi 
chhia gia chin jn 
chhiang diang ching jing 
chhiao сао chio jue 
chhieh qie chiu ju 
chhien qian chiung jieng 
chhih chi cho zhuo 
chhin Qin chou zhou 
chhing zhu 


qing chu 
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Modified 

Wade-Giles Pinyin 
chua zhua 
chuai zhuai 
chuan zhuan 
chuang zhuang 
chui zhui 
chun zhun 
chung zhong 
chü ju 
chüan juan 
chiieh jue 
chin jun 

é е, о 
ёп еп 
éng eng 
érh er 

fa fa 

fan fan 
fang fang 
fei fei 
fén fen 
féng feng 
fo fo 
fou fou 
fu fu 

ha ha 
hai hai 
han han 
hang hang 
hao hao 
hén hen 
héng heng 
ho he 
hou hou 
hsi xi 
hsia xia 
hsiang xiang 
hsiao xiao 
hsieh xie 
hsien xian 
hsin xin 
hsing xing 
hsio xue 
hsiu xiu 
hsiung xiong 
hsü xu 
hsüan xuan 
hsüeh xue 
hsün xun 
hu hu 
hua hua 
huai huai 








Modified 

Wade-Giles Pinyin 
huan huan 
huang huang 
hui hui 
hun hun 
hung hong 
huo huo 
i yi 
jan ran 
jang rang 
jao rao 
jé re 
jén ren 
jéng reng 
jih ri 

jo ruo 
jou rou 
ju ru 
jua rua 
juan ruan 
jui rui 
jun run 
jung rong 
ka ga 
kai gai 
kan gan 
kang gang 
kao gao 
kei gei 
kén gen 
kéng geng 
kha ka 
khai kai 
khan kan 
khang kang 
khao kao 
khei kei 
khén ken 
khéng keng 
kho ke 
khou kou 
khu ku 
khua kua 
khuai kuai 
khuan kuan 
khuang kuang 
khuei kui 
khun kun 
khung kong 
khuo kuo 
ko ge 
kou gou 


Modified 
Wade-Giles 


ku 
kua 
kuai 
kuan 
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Modified 

Wade-Giles Pinyin 
mu mu 
na na 
nai nai 
nan nan 
nang nang 
nao nao 
nei nei 
nén nen 
néng neng 
ni ni 
niang niang 
niao niao 
nieh nie 
nien nian 
nin nin 
ning ning 
niu nüe 
niu niu 
no nuo 
nou nou 
nu nu 
nuan nuan 
nung nong 
nü nü 

o e о 
ong weng 
ou ou 
pa ba 
pai bai 
pan ban 
pang bang 
pao bao 
pei bei 
pên ben 
pêng beng 
pha pa 
phai pai 
phan pan 
phang pang 
phao pao 
phei pei 
phên pen 
phêng peng 
phi pi 
phiao piao 
phieh pie 
phien pian ‘ 
phin pin 
phing ping 
pho po 
phou pou 
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Modified 
Wade-Giles 





sen 
seng, sheng 
sha 
shai 
shan 
shang 
shao 
she 
shei 
shen 
sheng 
shi 
shou 
shu 
shua 
shuai 
shuan 
shuarig 
shui 
shun 
shuo 
suo 
sou 





Modified 

Wade-Giles Pinyin 
tén den 
téng deng 
tha ta 
thai tai 
than tan 
thang tang 
thao tao 
thé te 
théng teng 
thi ti 
thiao tiao 
thieh tie 
thien tiàn 
thing ting 
tho tuo 
thou tou 
thu tu 
thuan tuan 
thui tui 
thun tun 
thung tong 
ti di 
пао Фао 
пећ Фе 
пеп dian 
ting ding 
tiu diu 
to duc 
tou dou 
tsa та 
tsai zai 
tsan zan 
tsang zang 
tsao zao 
tsé ze 
tsei zei 
tsén zen 
tséng zeng 
tsha ca 
tshai cai 
tshan can 
tshang cang 
tshao cao 
tshé ce 
tshén cen 
tsheng ceng 
tsho cuo 
tshou cou 
ны eu 
tshuan cuan 
tshui cui 





Modified 

Wade-Giles Pinyin 
tshun cun 
tshung cong 
tso zuo 
tsou zou 
tsu zu 
tsuan zuan 
tsui zui 
tsun zun 
tsung zong 
tu du 
tuan duan 
tui dui 
tun dun 
tung dong 
tzhu ci 
tzu zi 

wa wa 
wai wai 
wan wan 
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Pinyin 


yin 
ying 
yue, vo 
you 
yong 
yu 
yuan 
yue 
yun 


